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In  our  experimental  work  we  have  made  observations  which 
demonstrate  in  a  striking  way  the  differences  in  the  effectiveness 
of  cod  liver  oil  as  contrasted  with  butter  fat  in  influencing  the 
rate  and  extent  of  growth,  and  their  effects  on  the  histological 
structure  of  the  bones.  This  is  well  illustrated  by  the  results  of 
restricting  young  rats  to  the  following  diet : 

Wheat 30.0 

Maize 19.5 

Rice  (polished) 9.5 

Rolled  oats 8.5 

Peas 8.5 

Navy  beans 8.5 

Steak lo.o 

NaCl i.o 

NaHCOt i.S 

Cod  liver  oil 3.0 

This  diet  induces  fairly  good  growth  and  fertility  during  at  least  8 
to  10  months,  notwithstanding  its  deficiency  in  calcium.  The 
calcium  content  of  this  food  mixture  is  0.059  g^s.  per  100.  The 
optimum  calcium  content  of  this  diet  is  reached  when  about  1.5 
per  cent,  of  calcium  carbonate  is  added.  The  phosphorus  con- 
tent of  this  mixture  is  0.3546  gms.  per  100,  and  is  not  far  from  the 
optimum  content.  This  food  mixture  is  slightly  alkaline  owing 
to  its  content  of  sodium  bicarbonate. 
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This  food  mixture  with  butter  fat  to  the  extent  of  3,  10,  or  20 
per  cent,  of  the  food  mixture  fails  to  induce  an  appreciable  amount 
of  growth.  With  20  per  cent,  of  butter  fat  the  animals  gain  but 
a  few  grams  in  weight,  look  very  inferior,  become  short  and  stocky, 
and  are  rough  coated.    They  usually  die  within  a  few  months. 

This  diet  when  10  per  cent,  of  casein  is  added,  but  without  the 
addition  of  either  butter  fat  or  cod  liver  oil,  causes  pathological 
changes  characteristic  of  ricketp.  With  small  amounts  of  cod 
liver  oil  (3  per  cent.)  no  rachitic  changes  are  seen  in  the  bones. 
Even  20  per  cent,  of  butter  fat  fails  to  effectively  direct  the  growth 
processes  in  the  bones  toward  the  normal  condition. 

This  food  mixture  cohtaining  3  per  cent,  of  butter  fat  and  1.5 
per  cent,  of  calcium  carbonate  is  a  highly  satisfactoVy  diet  for  the 
promotion  of  growth  to  the  full  adult  size,  the  maintenance  of  high 
fertility  throughout  the  breeding  period  in  the  females  and  the 
successful  nutrition  of  the  young  by  the  motherb.  Even  a  fifth 
generation  in  a  family  confined  to  this  diet  showed  no  signs  of 
physical  deterioration.    Without  the  calcium  addition,  but  with 

3  per  cent,  of  butter  fat,  very  little  growth  can  take  place. 

The  striking  differences  between  the  nutritive  properties  of 
cod  liver  oil  as  contrasted  with  butter  fat  we  have  up  to  the  present 
time  been  able  to  demonstrate  in  so  satisfactory  a  manner  only 
with  diets  in  which  the  phosphorus  content  is  approximately  the 
optimum,  and  with  the  calcium  content  distinctly  below  the 
optimum.  The  results  of  feeding  these  two  fats  with  a  diet  similar 
to  that  described  but  in  which  the  phosphorus  content  is  low  and 
the  calcium  varies  from  low  to  high,  we  shall  discuss  in  a  forth- 
coming paper. 


Ki^rinted  fiom  the  Proceedlngt  of  the  Society  for  Ezperimental  Biology  and  Medi- 
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The  following  diet,  when  fed  to  the  young  rat,  in  a  com- 
paratively short  time  (three  to  five  weeks)  produces  rickets.  The 
diet  is  composed  of: 

Rolled  oats 40.0 

Gelatin lo.o 

Wheat  glutin 7.0 

Sodium  chloride i.o 

Potassium  chloride i.o 

Calcium  carbonate 2.0 

Dextrin 39.0 

This  diet  is  extremely  poor  in  fat-soluble  A,  the  anti-xerophthalmic 
substance.  Young  rats  develop  xerophthalmia  when  placed  upon 
it  in  from  four  to  five  weeks.  Its  proteins  are  of  good  quality  and 
are  supplied  in  abundance  (2 1  per  cent.) .  The  phosphorus  content 
is  relatively  low  (0.209  gms.  per  100  gms.  of  the  food  mixture). 
The  calcium  content  is  approximately  the  optimum. 

The  gross  evidences  of  rickets  in  the  rats  eating  the  faulty 
ration  were  briefly  these:  deformities  of  the  thorax  consisting  in 
flattening  or  hollowing  along  the  line  of  costochondral  junctions; 
pigeon  breast;  enlargement  and  distortion  of  the  costochondral 
junctions;  fractures  of  the  ribs;  enlargements  of  the  ends  of  all 
the  long  bones;  diminished  resistance  of  the  bone  to  cutting; 
great  diminution  in  the  tensile  strength ;  and  finally,  the  presence 
of  a  zone  of  a  white  or  pale  yellow  color,  between  the  cartilage  and 
the  shaft,  visible  to  the  naked  eye,  the  rachitic  metaphysis. 


Reprinted  from  The  American  Journal  of  Hygiene,  Vol.  I.,  No.  4,  July,  1921.] 
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Plates  XXV  to  XXIX.     (Figures  1-10.) 

PART    I. 

In  the  first  paper  of  this  series  (2)  we  placed  on  record  a  series 
of  faulty  diets,  which,  when  fed  to  the  growing  rat,  caused  patho- 
logical conditions  of  different  kinds  to  develop  in  the  skeleton.  The 
pathological  condition  induced  iji  the  bones  by  some  of  the  diets  bore 
marked  resemblances  to  those  which  characterize  rickets  in  the  human 
being.  The  diets  were,  relatively  speaking,  simple  in  their  composi- 
tion; their  faults  were  deficiencies  in  fat-soluble  A,  calcium,  phos- 
phorus, excess  of  calcium,  etc.  In  an  accompanying  paper  (3)  we 
brought  forward  experimental  proof  of  the  remarkable  influence  ex- 
erted by  cod  liver  oil  on  the  deposition  of  lime  salts  in  the  bone  of  the 
rat.  In  rats  which  had  lost  the  power  to  deposit  lime  salts  in  the 
epiphyseal  cartilage  as  the  result  of  the  prolonged  administration  of 
certain  faulty  diets,  the  addition  of  cod  liver  oil  to  the  diet  without 
other  change  quickly  restored  the  lost  power  to  the  organism.  In 
subsequent  communications  we  have  brought  forward  evidence  to  in- 
dicate that  in  the  presence  of  an  insufficient  amount  of  an  organic 
factor  in  the  diet — which  provisionally  we  call  fat-soluble  A — a  low- 
ering of  the  phosphate  content  of  the  diet  below  a  certain  level — the 
calcium  being  present  in  optimal  or  above  the  optimal  proportion, 
and  all  other  constituents  'of  the  diet  being  in  a  proportion  not  far 
from  the  optimal — may  cause  changes  of  a  pathological  nature  to  de- 
velop in  the  skeleton  which  have  all  the  gross  and  histological  char- 
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acteristics  of  rickets.  When  the  deficiency  in  the  phosphate  content 
of  the  diet  was  completely  compensated  for,  however,  by  the  addition 
of  the  phosphate  ion  (the  deficiency  in  fat-soluble  A  still  existing) 
the  changes  which  developed  in  the  skeleton  were  not  those  of  rickets, 
but  of  osteoporosis.  Our  experiments  have  shown  over  and  over  again 
that  bone  is  a  labile  tissue,  and  that  the  character  of  its  growth  can 
be  easily  influenced  through  the  diet,  and  that  gross  deformities  of 
the  skeleton,  however  much  they  may  resemble  those  of  rickets  in  the 
human  being,  can  not  be  accepted  as  proof  of  rickets.  The  proof  of 
the  production  of  rickets  must  be  sought  in  the  histological  changes 
in  the  bones  themselves. 

In  papers  which  are  forthcoming  we  shall  attempt  to  describe  the 
changes  which  result  from  restricting  young  rats  to  diets  in  which 
the  fault  is  twofold;  e.g.,  low  calcium  with  low  fat-soluble  A,  high 
calcium  with  low  fat-soluble  A,  and  low  calcium  with  liberal  amounts 
of  cod  liver  oil  (high  fat-soluble  AT).  We  shall  also  discuss  the 
effects  on  the  young  rat  of  diets  low  in  calcium,  but  supplemented 
with  the  vegetable  oils  and  varying  amounts  of  butter  fat,  and  of 
high  calcium  with  fats  of  various  origins.  In  the  present  communi- 
cation  we  describe  the  effects  on  growth  and  the  changes  in  the  skele- 
ton which  result  from  restricting  the  intake  of  calcium,  the  diet  being 
in  all  other  respects  suitably  constituted. 

In  interpreting  the  data  presented  in  these  papers  it  should  be 
appreciated  that  modem  researches  in  the  field  of  nutrition  have 
established  the  validity  of  the  working  hypothesis  proposed  by  Mc- 
Collum  and  Davis  (5)  in  1915.  According  to  this  hypothesis,  a  diet, 
to  be  satisfactory  for  nutrition  during  growth  or  for  the  maintenance 
of  well-being  in  the  adult  over  a  prolonged  period,  must  furnish  the 
following  elements  or  complexes.  It  must  contain  proteins  in  satis- 
factory amount.  The  amount  of  protein  necessary  will  depend  upon 
its  quality,  and  its  quality  in  turn  is  the  result  of  its  composition  with 
respect  to  the  several  amino-acids  which  are  indispensable  for  the  con- 
struction or  repair  of  body  tissues.  Proteins  from  different  sources 
differ  greatly  in  their  constitution  in  these  respects.  Nine  inorganic 
elements  in  appropriate  compounds  are  indispensable.  These  are 
sodium,  potassium,  magnesium,  calcium,  iron,  phosphorus,  chlorine, 
sulphur  and  iodine.  With  the  exception  of  sulphur,  which  must  be 
supplied  in  the  form  of  the  organic  complex,  cystine,  these  inorganic 
elements  are  all  readily  assimilated  and  utilized  in  the  form  of  min- 
eral salts,  such  as  the  chlorides  and  phosphates  of  the  alkalies  and 
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alkaline  earths.  The  food  must  furnish  sufficient  energy-yielding  sub- 
stances in  the  form  of  carbohydrates  or  fats.  The  one  indispensable 
complex  in  this  class  is  glucose.  Either  glucose  or  a  substance  capable 
of  yielding  it  must  be  present.  The  diet  must  likewise  furnish  suffi- 
cient water,  and  in  the  rat  at  least  two  still  uncharacterized  dietary 
factors  now  ordinarily  called  ' '  vitamines. ' '  In  man  a  third  factor 
in  this  class,  the  antiscorbutic  substance,  is  essential. 

Much  of  the  research  in  the  laboratory  of  the  Department,  of 
Chemical  Hygiene  during  the  past  few  years  has  been  directed  toward 
the  study  of  the  quality  of  each  dietary  factor  in  each  of  our  more 
important  foodstuffs  of  animal  and  vegetable  origin.  It  has  been 
accomplished  through  the  application  of  our  biological  method  for  the 
analjrsis  of  a  food.  Following  the  studies  of  the  properties  of  indi- 
vidual dietary  constituents  numerous  experiments  were  carried  out  to 
determine  the  extent  to  which  two  or  more  natural  foods  when  com- 
bined enhance  each  other's  protein  values,  and  mutually  supplement 
each  other's  deficiencies  (6). 

In  the  course  of  the  investigations  last  referred  to  we  employed  a 
number  of  diets  of  considerable  complexity  for  the  purpose  of  deter- 
mining whether,  when  the  selection  was  limited  to  such  vegetable 
products  as  are  functionally  storage  tissues  of  plants,  viz.,  seeds, 
tubers  and  roots,  together  with  the  highly  specialized  muscle  tissue  of 
animals,  a  wide  variety  of  selection  could  form  a  suitable  source  of 
nutriment.  In  many  of  the  studies  in  this  series  we  observed  de- 
formities suggestive  of  rickets.  Diets  composed  of  cereals,  legume 
seeds  and  muscle  meats  were  especially  likely  to  induce  rickets-like 
deformities.  We  came  to  appreciate  that  such  food  mixtures  were 
decidedly  deficient  in  calcium  and  in  fat-soluble  A,  and  to  a  somewhat 
lesser  degree  in  phosphorus.  When  we  undertook  a  systematic  analy- 
sis of  the  nature  of  the  factors  which  operated  to  influence  the  skeletal 
changes  observed,  we  judged  it  wise  first  to  make  the  analysis  of  those 
food  mixtures  with  which  we  had  much  experience,  and  accordingly 
in  the  first  paper  of  this  series  is  described  the  production  of  rickets- 
like conditions  by  diets  of  a  simpler  character.  We  have  continued, 
however,  in  many  instances,  to  restrict  our  animals  to  rather  complex 
food  mixtures  such  as  are  described  in  this  paper.  The  several  indi- 
vidual factors  in  each  of  these  more  complex  food  mixtures  we  are 
now  able  to  evaluate  with  considerable  accuracy,  and  the  food  mixtures 
serve  our  purpose  well,  notwithstanding  the  fact  that  at  first  glance 
the  formulas  may  appear  unnecessarily  complex  and  confusing.     In 
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reality  they  can  be  regarded  as  nearly  as  simple  as  if  derived  from 
purified  foodstuffs  supplemented  with  small  additions  of  articles  espe- 
cially rich  in  one  or  another  of  the  uncharacterized  dietary  essentials. 

The  diets  employed  in  securing  the  data  discussed  in  this  paper 
were  all  fairly  satisfactorily  constituted  with  respect  to  all  dietary 
factors  except  calcium.  When  casein  or  steak  was  added,  the  mixture 
was  improved  both  with  respect  to  protein  and  phosphorus.  Cereal 
and  legume  seed  mixtures,  no  matter  how  complex,  never  furnish 
protein  of  the  optimal  quality,  and  their  phosphorus  content  is  some- 
what below  the  plane  at  which  nutrition  is  best  promoted.  Such  mix- 
tures fall  far  short  of  meeting  the  need  of  the  body  for  calcium  during 
growth,  and,  no  matter  how  well  they  may  be  supplemented,  malnu- 
trition will  result  from  specific  starvation  for  calcium  unless  a  sup- 
plementary source  of  supply  of  it  is  made  available.  As  important 
as  phosphate  additions,  but  far  less  important  than  additions  of  cal- 
cium in  such  diets,  is  an  abundant  supply  of  fat-soluble  A.  Diets 
similarly  constituted,  but  derived  in  great  measure  from  degerminated 
cereal  products,  will  be  much  more  faulty  with  respect  to  each  of  these 
factors  than  when  entire  seed  kernels  are  used. 

The  animals  used  in  these  experiments  were  confined  for  the  periods 
indicated  by  the  accompanying  charts  to  diets  in  which  the  main  de- 
fect was  deficiency  in  calcium.  In  order  to  avoid  confusion  from  the 
possible  effects  of  variables  in  the  diet  of  a  minor  character,  such  as 
small  differences  in  the  quality  of  the  protein  or  in  the  quantity  of 
phosphorus  or  of  fat-soluble  A,  we  prepared  the  diets  in  such  manner 
that  these  three  nutrient  essentials  were  made  more  abundant  than  in 
other  experiments.  If  in  such  diets  as  we  are  discussing  sufficient 
calcium  is  added,  this  will  improve  their  biological  value  to  an  extent 
which  can  be  detected  in  increased  vitality  as  shown  by  span  of  life, 
fertility  and  diminished  mortality  among  the  young.  Since  the  acidity 
of  the  seed  or  seed  and  steak  mixture  might  affect  in  some  way  the 
growth  of  the  osseous  tissue,  we  neutralized  this  in  some  diets  by  the 
inclusion  of  an  appropriate  amount  of  sodium  bicarbonate.  • 

The  following  diets  were  employed : 

No.  2684. 

Per  cent. 

Wheat    30.0 

Maize   20.0 

Polished  Rice  12.0 

Rolled  oats   11.5 
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Peas  11.0 

Navy  beans 11.0 

NaCl .- 1.0 

NaHCO,    1.5 

Butter  fat 2.0 

Ration  2684  is  characterized  by  a  marked  deficiency  in  calcium. 
Since  the  ash  of  seeds  is  distinctly  acid,  ranging  from  the  equivalent 
of  2.63  c.e.  to  68.34  c.c.  N/1  solution  per  100  grams,  we  added  in  thi» 
case  1.5  gms.  of  sodium  bicarbonate  per  100  gms.  of  ration.  The- 
diet  was  thus  made  to  contain  a  slight  excess  of  bases  over  acids.  For 
lack  of  calcium  very  little  growth  took  place.  This  same  food  mixture 
with  the  sodium  bicarbonate  replaced  by  calcium  carbonate  induced 
optimal  growth  in  the  first  generation,  but,  apparently  owing  to  a 
deficiency  of  the  food  in  phosphorus  the  later  generations  became  un- 
dersized  and  the  mortality  among  the  young  was  high.  On  the  diet, 
of  Lot  2684  the  animals  aged  very  early. 

No.  2810. 

Per  cent. 

Whole  wheat  kernel   30.0 

Whole  maize  kernel 14.5 

Polished   rice    9.5 

Rolled  oats 9.5 

Peas   9.5 

Navy  beans .• 9.5 

Round  steak   (beef)    10.0 

NaCl  1.0 

Dextrin    1.5 

Butter    fat    5.0 

Ration  2810  was  closely  similar  to  ration  2684,  except  that  it  con- 
tained 10  per  cent,  of  round  steak.  This  addition  improved  the 
quality  of  the  seed  proteins  in  a  degree  which  can  easily  be  demon- 
strated experimentally.  It  also  raised  the  phosphorus  content  from- 
.3047  to  .3726  gm.  per  100  gms.  of  mixture,  at  the  same  time  increasing- 
the  acidity  of  the  diet,  because  of  the  mineral  content  of  the  cereal 
and  legume  mixture,  from  the  equivalent  of  16.61  c.c.  N/1  base  solu- 
tion to  5.75  c.c.  N/1  acid  solution  per  100  gms.  of  the  ration  as  fed. 
These  rats  were,  therefore,  on  the  same  deficient  intake  of  calcium  as 
were  lot  2684,  but  had  much  more  phosphorus  and  a  more  acid  food 
supply.  The  content  of  the  fat-soluble  A  in  their  diet  was  also  higher 
than  that  of  Lot  2684  (Chart  1),  but  the  latter  were  supplied  with 
enough  of  this  factor  to  fully  meet  the  needs  of  the  growing  rat  when 
all  other  dietary  factors  are  satisfactory. 
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Peas    11.0 

Navy  beans 11.0 

NaCl ; 1.0 

NaHCO,    1.5 

Butter  fat 2.0 

Ration  2684  is  characterized  by  a  marked  deficiency  in  calcium. 
Since  the  ash  of  seeds  is  distinctly  acid,  ranging  from  the  equivalent 
of  2.63  c.c.  to  68.34  c.c.  N/1  solution  per  100  grams,  we  added  in  thia 
case  1.5  gms.  of  sodium  bicarbonate  per  100  gms.  of  ration.     The- 
diet  was  thus  made  to  contain  a  slight  excess  of  bases  over  acids.    For 
lack  of  calcium  very  little  growth  took  place.    This  same  food  mixture- 
with  the  sodium  bicarbonate  replaced  by  calcium  carbonate  induced 
optimal  growth  in  the  first  generation,  but,  apparently  owing  to  a 
deficiency  of  the  food  in  phosphorus  the  later  generations  became  un- 
dersized and  the  mortality  among  the  young  was  high.     On  the  diet. 
of  Lot  2684  the  animals  aged  very  early. 

No.  2810. 

Per  cent. 

Whole  wheat  kernel  30.0 

Whole  maize  kernel 14.5 

Polished  rice    9.5 

Boiled  oats   '. . . .     9.5 

Peas   9.5 

Navy  beans .• 9.5 

Round  steak  (beef)    10.0 

NaCl  1.0 

Dextrin    1.5 

Butter   fat    5.0 

Ration  2810  was  closely  similar  to  ration  2684,  except  that  it  con- 
tained 10  per  cent,  of  round  steak.  This  addition  improved  the- 
quality  of  the  seed  proteins  in  a  degree  which  can  easily  be  demon- 
strated experimentally.  It  also  raised  the  phosphorus  content  from: 
.3047  to  .3726  gm.  per  100  gms.  of  mixture,  at  the  same  time  increasing; 
the  acidity  of  the  diet,  because  of  the  mineral  content  of  the  cereal 
and  legume  mixture,  from  the  equivalent  of  16.61  c.c.  N/1  base  solu- 
tion to  5.75  c.c.  N/1  acid  solution  per  100  gms.  of  the  ration  as  fed. 
These  rats  were,  therefore,  on  the  same  deficient  intake  of  calcium  as 
were  lot  2684,  but  had  much  more  phosphorus  and  a  more  acid  food 
supply.  The  content  of  the  fat-soluble  A  in  their  diet  was  also  higher 
than  that  of  Lot  2684  (Chart  1),  but  the  latter  were  supplied  with 
enough  of  this  factor  to  fully  meet  the  needs  of  the  growing  rat  when 
all  other  dietary  factors  are  satisfactory. 
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Ration  2435  differed  in  its  properties  from  ration  2731  in  three 
respects.  The  fbrmer  had  a  lower  protein  content  and  was  poorer  in 
phosphorus,  because  it  lacked  the  beefsteak  which  the  latter  contained. 
Furthermore,  it  contained  1.5  per  cent,  of  calcium  carbonate  instead 
of  sodium  bicarbonate.  These  modifications  made  a  remarkable  dif- 
ference in  the  growth  and  vitality  of  the  animals.  Lot  2435  grew 
normally  and  showed  high  fertility,  but  the  infant  mortality  was  high. 
They  deteriorated  from  generation  to  generation,  because  of  the  short- 
age of  phosphorus,  and  the  relatively  poor  quality  of  proteins.  This 
group  should  be  compared  with  Lot  2436  (Chart  2). 

No.  2581. 

Per  cent. 

Beef  liver  (steamed  and  dried)    20.0 

Casein    10.0 

Naa    1.0 

KCl 1.0 

Dextrin    65.0 

Butter  fat  3.0 

Ration  2581  was  of  good  quality  with  respect  to  all  constituents 
other  than  calcium,  in  which  it  was  very  deficient.  The  acidity  of 
this  food,  owing  to  the  high  content  of  phosphorus  and  sulphur  derived 
from  liver  and  casein,  was  very  great,  and  aside  from  the  lack  of 
calcium  was  the  only  known  fault.  It  is  of  great  interest  from  the 
standpoint  of  the  establishment  of  the  validity  of  our  method  of  inter- 
pretation of  the  causes  of  the  bone  lesions,  discussed  in  these  experi- 
ments, to  compare  the  histological  picture  seen  in  animals  restricted 
to  diets  having  the  same  faults,  but  derived  chiefly  from  such  widely 
different  sources  as  cereals  and  legume  seeds  in  one  instance,  and  liver, 
casein,  dextrin,  butter  fat  and  salts  in  the  other.  The  effects  on  the 
bones  were  very  similar. 

On  the  diet  of  Lot  2581  all  rats  died  very  early.  They  were  short, 
stunted,  thin  animals,  with  serious  deformities  of  the  thoraces. 

This  diet  modified  by  the  addition  of  calcium  carbonate  to  the  ex- 
tent of  1.5  per  cent.,  and  without  the  addition  of  butter  fat,  induced 
approximately  normal  growth  and  fertility.  There  was  no  evidence 
of  rachitic  deformities.  All  the  fat-soluble  A  and  a  specific  anti- 
rachitic substance,  if  there  is  such  a  substance,  were  derived  entirely 
from  25  per  cent,  of  liver  in  the  diet. 
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No.  2436.     (Control  Experimental  Ration.) 

Per  cent. 

Wheat 30.0 

Maize  1^«6 

Polished  Rice 9.5 

Rolled  oats  8.5 

Peas   8.5 

Navy  beans    8.5 

Beefsteak    10.0 

NaQ    1.0 

CaCO,    1.5 

Butter  fat  3.0 

Ration  2436  was  like  ration  2810,  except  that  the  dextrin  of  the 
latter  was  replaced  by  1.5  per  cent,  of  calcium  carbonate.  This  addi- 
tion had  a  most  remarkable  effect  in  improving  the  quality  of  the  diet. 
The  animal  appeared  to  be  in  the  optimal  condition  and  a  family 
restricted  to  this  diet  appeared  in  the  fourth  generation  to  be  entirely 
normal.     One  female  of  the  fourth  generation  successfully  weaned 

three  litters  (17  young). 

No.  2731. 

Per  cent. 

Wheat    30.0 

Maize  19.5 

Polished  Rice  9.5 

Rolled  oats   8.5 

Peas    8.5 

Navy  beans    8.5 

Steak    10.0 

NaCl    1.0 

NaHCOa    1.5 

Butter  fat  3.0 

Ration  2731  was  almost  identical  with  ration  2810.  It  differed  in 
containing  1.5  per  cent,  of  sodium  bicarbonate,  which  changed  it  from 
a  distinctly  acid  to  a  slightly  alkaline  reaction.  The  animals  placed 
Upon  it  became  short  and  stocky,  were  rough  looking  and  died  early. 

No.  2435.     (Control  Experimental  Ration.) 

Per  cent. 

Wheat    30.0 

Maize   20.0 

Polished  Rice  11.0 

Rolled  oats   11.5 

Peas   11.0 

Navy   beans    11.0 

NaCl    1.0 

CaCO,    , 1.5 

Butter  fat  3.0 
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Ration  2435  differed  in  its  properties  from  ration  2731  in  three 
respects.  The  f6rmer  had  a  lower  protein  content  and  was  poorer  in 
phosphorus,  because  it  lacked  the  beefsteak  which  the  latter  contained. 
Furthermore,  it  contained  1.5  per  cent,  of  calcium  carbonate  instead 
of  sodium  bicarbonate.  These  modifications  made  a  remarkable  dif- 
ference in  the  growth  and  vitality  of  the  animals.  Lot  2435  grew 
normally  and  showed  high  fertility,  but  the  infant  mortality  was  high. 
They  deteriorated  from  generation  to  generation,  because  of  the  short- 
age of  phosphorus,  and  the  relatively  poor  quality  of  proteins.  This 
group  should  be  compared  with  Lot  2436  (Chart  2). 

No.  2581. 

Per  cent. 

Beef  liver  (steamed  and  dried)    20.0 

Casein    10.0 

Naa    1.0 

KCl 1.0 

Dextrin    65.0 

Butter  fat 3.0 

Ration  2581  was  of  good  quality  with  respect  to  all  constituents 
other  than  calcium,  in  which  it  was  very  deficient.  The  acidity  of 
this  food,  owing  to  the  high  content  of  phosphorus  and  sulphur  derived 
from  liver  and  casein,  was  very  great,  and  aside  from  the  lack  of 
calcium  was  the  only  known  fault.  It  is  of  great  interest  from  the 
standpoint  of  the  establishment  of  the  validity  of  our  method  of  inter- 
pretation of  the  causes  of  the  bone  lesions,  discussed  in  these  experi- 
ments, to  compare  the  histological  picture  seen  in  animals  restricted 
to  diets  having  the  same  faults,  but  derived  chiefly  from  such  widely 
different  sources  as  cereals  and  legume  seeds  in  one  instance,  and  liver, 
casein,  dextrin,  butter  fat  and  salts  in  the  other.  The  effects  on  the 
bones  were  very  similar. 

On  the  diet  of  Lot  2581  all  rats  died  very  early.  They  were  short, 
stunted,  thin  animals,  with  serious  deformities  of  the  thoraces. 

This  diet  modified  by  the  addition  of  calcium  carbonate  to  the  ex- 
tent of  1.5  per  cent.,  and  without  the  addition  of  butter  fat,  induced 
approximately  normal  growth  and  fertility.  There  was  no  evidence 
of  rachitic  deformities.  All  the  fat-soluble  A  and  a  specific  anti- 
rachitic substance,  if  there  is  such  a  substance,  were  derived  entirely 
from  25  per  cent,  of  liver  in  the  diet. 
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junctions.  When  the  thorax  was  opened,  the  junctions  of  the  ribs 
with  their  cartilages  were  enlarged  and  there  was  marked  angular 
deformity  (Fig.  1).  This  extreme  degree  of  angular  deformity  at  the 
junctions  of  the  ribs  and  the  cartilages  exceeded  that  found  in  the 
ribs  of  rats  on  a  diet  already  described,  low  in  fat-soluble  A  and  phos- 
phorus (4).  The  thymus  was  atrophied.  The  spleen  was  frequently 
greatly  enlarged.  There  was  little,  if  any,  subcutaneous  or  visceral 
fat  The  gonads  were  atrophic.  The  long  bones  cut  easily.  There 
were,  as  a  rule,  no  fractures  to  be  found  in  any  of  the  bones  except 
the  ribs,  which  were  usually  studded  throughout  their  length  with  the 
calluses  of  multiple  healing  fractures. 

Microscopic  examination  of  the  bones  revealed  a  lesion  which  was 
striking  in  its  uniformity.  The  band  of  cartilage  (Fig.  2)  which  sep- 
arates the  epiphyseal  nucleus  of  ossification  from  the  shaft  was  much 
broader  than  in  a  normal  bone.  The  cells  of  the  proliferative  zone 
were  separated  one  from  another  by  very  little  matrix,  and  the  cell 
bodies  were  almost  in  contact.  Although  there  was  a  good  deal  of 
invasion  of  the  cartilage  by  blood  vessels  from  the  shaft,  the  columnar 
arrangement  of  the  cells  was  well  maintained  throughout.  Because 
of  the  increased  size  and  the  invasion  of  the  cartilage  the  cell  columns 
seemed  to  radiate  from  the  lower  margin  of  the  epiphyseal  nucleus 
like  the  spokes  of  a  wheel  (Fig.  3).  There  was,  as  a  rule,  no  calcifica- 
tion of  the  proliferative  zone,  though  occasionally  a  few  scattered 
patches  of  calcified  matrix  were  present  to  represent  a  provisional 
zone  of  calcification.  These  calcified  areas  were  usually  at  the  pe^ 
ripher>'  of  the  bone.  The  vascular  sprouts  which  invaded  the  carti- 
lage were  very  fine  capillary  vessels  and  were  single  or  multiple. 
Often  the  invasion  was  carried  on  to  a  considerable  distance  from  the 
shaft.  Occasionally  the  invading  vessels  were  arranged  in  tufts  and 
destroyed  wide  areas  of  cartilage  before  them.  The  invasion  of  the 
cartilage  usually  took  place,  however,  along  the  strands  of  intracellular 
matrix  (Fig.  4).  Cartilage  which  was  directly  in  contact  witli  the 
osteoid  tissue  seemed  to  have  been  protected  against  invasion  by  capil- 
laries from  the  shaft.  Frequently  large  sinuses,  which  had  thin  walls, 
made  up  of  endothelium  and  of  a  few  strands  of  connective  tissue, 
were  to  be  found  just  beneath  the  cartilage  in  the  metaphysis  (Fig. 
5) .  At  the  junction  of  the  cartilage  with  the  metaphysis  the  cartilage 
cells  had  undergone  changes  like  those  which  are  described  as  degen- 
erative in  the  bones  of  rachitic  children.  The  cell  cytoplasm  had  lost 
its  affinity  for  basic  dyes,  and  in  specimens  stained  with  haematoxylin 
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Xo.   2%09. 

P*r  cfsiz. 

Lirer    2»).0 

Caseiii    10.0 

XaHCQ.    1^ 

Ka 1.0 

Dextrin    W-5 

Butter  fat  3.0 

ThLs  ration  was  exactly  similar  to  ration  25S1.  except  that  the 
sodium  chloride  was  replaced  by  sodium  bicarbonate.  This  neutral- 
ized the  aciditjr  of  the  former  diet.  That  the  reaction  of  the  food 
within  the  limits  of  variation  seen  in  this  series  of  diets  is  not  a  factor 
of  importance,  the  similarity  in  the  character  of  the  bone  changes 
clearly  show.  There  is  no  evidence  that  the  neutralization  of  the 
acidity  of  the  ration  2809  by  the  inclusion  of  sodium  bicarbonate  had 
any  beneficial  effect  upon  the  animals.  The  gravity  of  the  calcium 
deficiency  was  so  great  that  the  rats  restricted  to  it  were  ruined  by 
this  deficiency  alone.  They  developed  deformities  similar  to  those 
seen  in  the  rats  on  ration  2581  (Chart  4). 

Xo.  2143.     (Control  Experimental  Ration.) 

Per  cent. 

Liver    20.0 

Naa    1.0 

CaCO,    1.5 

Ka    1.0 

Dextrin    73.5 

Butter  fat  3.0 

Ration  2143  differed  from  ration  2S09  in  that  it  contained  no 
casein,  and  all  of  its  protein  was  derived  from  20  per  cent,  of  liver; 
and  also  in  that  it  contained  1.5  per  cent,  of  calcium  carbonate.  Even 
with  the  lower  protein  supply  the  animals  were  able,  when  a  supply 
of  calcium  was  available,  to  develop  in  a  fairly  satisfactory  manner 
and  to  produce  and  rear  some  young.  They  showed  no  evidences  of 
the  deformities  seen  in  Lot  2809. 

PART  II. 

The  earliest  attempts  to  produce  rickets  in  animals  were  made  by 
feeding  diets  which  were  low  in  calcium.  After  the  anatomical  stud- 
ies of  Pommer  had  made  clear  that  the  fundamental  lesions  of  the 
disease,  in  so  far  as  the  skeleton  was  concerned,  were  defects  in  the 
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calcification  of  cartilage  and  bone,  it  seemed  logical  to  conclude  that 
a  deficiency  in  the  intake  of  calcium  might  be  the  cause  of  the  disease. 
Numbers  of  investigators  have  made  attempts  to  produce  rickets  by 
feeding  diets  insufficient  in  calcium  salts.    At  the  present  time,  how- 
ever, it  is  difficult  to  know  what  value  to  place  upon  their  work.    In 
the  first  place,  it  is  almost  impossible  to  decide  whether  the  changes 
described  in  the  bones  of  their  animals  were  or  were  not  equivalent 
to  human  rickets.     In  the  second  place,  it  is  by  no  means  easy  to  make 
certain  that  the  deficiency  in  calcium  in  their  diets  was  the  sole  fault. 
Almost  all  of  the  work  of  the  investigators  of  this  particular  problem 
was  performed  prior  to  1910.     Before  that  time  a  diet  which  contained 
protein,  carbohydrate  and  fat  in  sufficient  amounts  to  furnish  the 
energy  requirements  of  the  body,  together  with  a  supply  of  certain  in- 
organic salts,  was  considered  adequate  for  the  maintenance  of  life  and 
normal  development  over  any  number  of  generations.     It  stands  to 
reason,  therefore,  that  with  the  increased  knowledge  of  today  the  rec- 
ognition of  dietary  defects  is  easy  in  formulas  which  15  years  ago 
passed  as  deficient  only  as  regards  their  content  of  calcium.    A  diet 
used  by  one  of  the  investigators  in  question  will  suffice  as  an  example. 
Dibbelt  (1)  maintained  the  dogs  used  in  his  experiments  on  a  diet 
composed  of  horse  meat,  a  carbohydrate   (rice  starch)   and  sodium 
chloride.     This  ration  is  low  in  calcium  certainly,  but  it  is  also  defi- 
cient in  fat-soluble  A,  water-soluble  B,  and  probably  in  the  antiscor- 
butic substance  as  well.     Moreover,  the  protein  is  not  of  the  best 
quality.     It  will  be  seen  that,  even  if  there  were  no  dispute  as  to 
whether  the  disease  which  was  produced  in  puppies  by  this  diet  was 
rickets  or  not,  it  would  be  impossible  to  say  that  the  deficiency  in 
calcium  was  the  cause. 

The  gross  changes  in  the  skeleton  and  the  alterations  in  the  finer 
structure  of  the  bones  of  the  rats  placed  on  the  various  faulty  rations 
described,  which  had  in  common  a  deficiency  in  calcium,  were  so  simi- 
lar that  a  single  description  will  serve  for  all. 

The  bodies  of  the  animals  at  autopsy  were  very  much  undersized 
and  showed  quite  characteristic  lesions.  The  coat  was  rough  and  the 
hair  was  irregular  in  length.  The  skulls  were  often  very  thin  and 
easily  compressible.  The  eyes  were  normal.  The  incisor  teeth  were 
very  brittle,  yellow  and  easy  to  extract.  The  epiphyses  of  the  long 
bones,  especially  at  the  wrist  and  knee,  were  enlargred.  The  shafts  of 
the  bones  were  slender.  The  thoraces  were  much  flattened  from  side 
to  side,  slender,  and  marked  by  deep  grooves  along  the  costochondral 
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junctions.  When  the  thorax  was  opened,  the  junctions  of  the  ribs 
with  their  cartilages  were  enlarged  and  there  was  marked  angular 
deformity  (Fig.  1).  This  extreme  degree  of  angular  deformity  at  the 
junctions  of  the  ribs  and  the  cartilages  exceeded  that  found  in  the 
ribs  of  rats  on  a  diet  already  described,  low  in  fat-soluble  A  and  phos- 
phorus (4).  The  thymus  was  atrophied.  The  spleen  was  frequently 
greatly  enlarged.  There  was  little,  if  any,  subcutaneous  or  visceral 
fat.  The  gonads  were  atrophic.  The  long  bones  cut  easily.  There 
were,  as  a  rule,  no  fractures  to  be  found  in  any  of  the  bones  except 
the  ribs,  which  were  usually  studded  throughout  their  length  with  the 
calluses  of  multiple  healing  fractures. 

Microscopic  examination  of  the  bones  revealed  a  lesion  which  was 
striking  in  its  uniformity.  The  band  of  cartilage  (Fig.  2)  which  sep- 
arates the  epiphyseal  nucleus  of  ossification  from  the  shaft  was  much 
broader  than  in  a  normal  bone.  The  cells  of  the  proliferative  zone 
were  separated  one  from  another  by  very  little  matrix,  and  the  cell 
bodies  were  almost  in  contact.  Although  there  was  a  good  deal  of 
invasion  of  the  cartilage  by  blood  vessels  from  the  shaft,  the  columnar 
arrangement  of  the  cells  was  well  maintained  throughout.  Because 
of  the  increased  size  and  the  invasion  of  the  cartilage  the  cell  columns 
seemed  to  radiate  from  the  lower  margin  of  the  epiphyseal  nucleus 
like  the  spokes  of  a  wheel  (Fig.  3).  There  was,  as  a  rule,  no  calcifica- 
tion of  the  proliferative  zone,  though  occasionally  a  few  scattered 
patches  of  calcified  matrix  were  present  to  represent  a  provisional 
zone  of  calcification.  These  calcified  areas  were  usually  at  the  pe- 
riphery of  the  bone.  The  vascular  sprouts  which  invaded  the  carti- 
lage were  very  fine  capillary  vej?scls  and  were  single  or  multiple. 
Often  the  invasion  was  carried  on  to  a  considerable  distance  from  the 
shaft.  Occasionally  the  invading  vessels  were  arranged  in  tufts  and 
destroyed  wnde  areas  of  cartilage  before  them.  The  invasion  of  the 
cartilage  usually  took  place,  however,  along  the  strands  of  intracellular 
matrix  (Fig.  4).  Cartilage  which  was  directly  in  contact  with  the 
osteoid  tissue  seemed  to  have  been  protected  against  invasion  by  capil- 
laries from  the  shaft.  Freciuently  large  sinuses,  which  had  thin  walls, 
made  up  of  endothelium  and  of  a  few  strands  of  connective  tissue, 
were  to  be  found  just  beneath  the  cartilage  in  the  metaphysis  (Fig. 
5).  At  the  junction  of  the  cartilage  w^ith  the  metapli^^sis  the  cartilage 
cells  had  undergone  changes  like  those  which  are  described  as  degen- 
erative in  the  bones  of  rachitic  children.  The  cell  cytoplasm  had  lost 
its  affinity  for  basic  dyes,  and  in  specimens  stained  with  haematoxylin 
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had  a  pale  buff  color  which  was  indistinguishable  from  the  staining 
reaction  given  by  osteoid  tissue.  The  nuclei  of  the  cells  were  seen  to 
be  smaller  and  more  pyknotic  as  the  shaft  was  approached.  Finally, 
the  cartilage  cell  became  buried  in  the  osteoid  tissue  of  the  metaphysis, 
which  it  apparently  helped  to  form.  In  other  words,  this  so-called 
degeneration  is  in  reality,  as  we  pointed  out  in  our  description  of  the 
bones  of  rats  on  diets  low  in  phosphorus  and  fat-soluble  A,  a  meta- 
plasia of  the  cartilage  cells  which  results  in  their  change  into  bone 
corpuscles. 

The  metaphysis  in  these  bones  was  narrow,  in  contradistinction  to 
the  metaphysis  in  the  bones  of  rats  on  a  diet  low  in  fat-soluble  A  and 
phosphate,  and  appeared  to  be  in  much  greater  degree  a  product  of 
the  diaphysis.  The  metaphysis  was  made  up  of  large  numbers  of  tra- 
beculae  of  osteoid  tissue,  separated  by  blood  vessels  and  a  delicate 
reticular  tissue  containing  a  few  elements  from  the  bone  marrow.  The 
spongiosa  (Fig.  5)  was  abundant,  and  the  trabeculae  of  which  it  was 
composed  were  very  numerous  and  slender.  This  thin  character  of 
the  trabeculae  was  another  point  of  difference  between  the  bones  of  the 
rats  on  the  diets  low  in  calcium  and  those  of  rats  fed  on  diets  low  in 
fat-soluble  A  and  phosphorus.  The  trabeculae  in  the  latter  animals 
were  much  thicker,  and  were  fewer  in  number.  The  osteoid  was 
broad  and  often  lamellar  (Fig.  7).  The  borders  of  the  osteoid  tissue 
were  sharp  and  clear  cut;  the  cells  were  widely  separated,  and  their 
nuclei  were  small  and  stained  deeply.  The  osteoblasts  which  sur- 
rounded the  trabeculae  were  flat,  closely  applied  to  the  osteoid,  and 
altogether  resembled  the  endothelial  cells  of  the  blood  vessels.  In 
contrast,  the  osteoid  tissue  about  the  trabeculae  of  the  rats  on  the 
diets  deficient  in  calcium  alone  (Fig.  8)  was  much  more  ragged. 
The  margins  faded  off  into  the  surrounding  tissue.  The  nuclei  of  the 
bone  corpuscles  were  larger  and  were  very  close  together,  and  the 
osteoblasts  which  surrounded  the  bone,  instead  of  being  flattened  cells, 
were  of  low,  columnar  form,  and  were  often  piled  up  one  on  the  other, 
to  form  two  or  three  layers  about  the  trabeculae.  Occasionally  tra- 
beculae were  seen  in  the  rats  on  the  diets  deficient  in  calcium  alone 
which  showed  osteoid  tissue  of  both  types.  Calcification  of  the  tra- 
beculae in  thege  animals  was  not  as  dense  as  in  the  normal  bones.  The 
deposits  of  lime  salts  were  granular  and  the  calcified  zone  usually 
merged  gradually  into  the  uncalcified  border.  The  calcified  cortex  of 
the  shaft  was  very  thin,  but  the  cortex  as  a  whole  was  usually  much 
thickened  by  a  compensatory  development  of  osteoid  tissue  (Fig.  9) 
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Frequently  the  cortex  was  canalized  and  was  found  in  the  form  of  a 
lattice  work.  In  situations  where  the  bone  was  under  particular 
stress,  e.g.,  at  the  sites  of  muscular  attachment,  or  on  the  concave 
surface  of  the  bone  an  enormous  amount  of  osteoid  tissue  was  formed 
between  the  periosteum  and  the  original  cortex  (Fig.  9).  This  sub- 
periosteal formation  of  osteoid  tissue  is  analogous  to  the  so-called 
**  rachitic  periostitis. ' '  It  is  in  reality  an  hypertrophy  to  compensate 
for  the  diminished  strength  of  the  tissue  used  in  building  a  bone.  It 
is  probable  that  canalization  of  the  cortex  of  the  bone  and  its  growth 
in  the  form  of  a  lattice  has  the  same  significance. 

The  bone  marrow  in  the  medullary  cavity  appeared  normal  in 
animals  on  these  diets,  but  in  the  growing  region  of  the  bone  the  haem- 
atopoietic tissue  was  in  a  large  measure  replaced  by  delicate  retic- 
ulum. 

Many  evidences  of  resorption  of  the  trabeculae  were  present. 
Bones  which  showed  evidences  of  resorption  invariably  contained  num- 
bers of  large  cells,  the  cytoplasm  of  which  was  filled  with  large  baso- 
phil granules.  These  cells,  which  appeared  to  be  derived,  in  part  at 
least,  from  small,  round  lymphocyte-like  forms,  were  arranged  in  a 
definite  way  along  the  borders  of  the  trabeculae.  They  were  found 
in  the  region  of  the  bone  which  was  being  hollowed  out  to  form  a 
marrow  cavity,  but  were  not  seen  in  the  medulla  itself.  They  were 
also  present  in  large  numbers  in  the  interstices  of  the  bony  lattice 
work  which  represented  the  cortex.  They  were  not  present  in  the 
metaphysis  to  any  extent,  and  were  not  found  in  the  centers  of  ossi- 
fication. We  cannot  say  what  their  significance  may  be,  but  it  would 
seem  as  though  they  must  have  some  function  to  perform  in  connection 
with  resorption. 

Changes  of  the  nature  above  described  were  present  through  the 
entire  osseous  system,  but  the  pathological  picture  varied  in  severity 
in  different  bones.  Those  bones  which  grow  most  rapidly  showed  the 
most  marked  variations  from  the  normal.  The  middle  tier  of  ribs, 
the  femur,  the  radius  and  ulna,  and  the  tibia  and  fibula,  suffered  most 
severely.  It  was  usual  to  find  a  more  complete  zone  of  provisional 
calcification  in  the  cartilages  of  the  vertebrae,  phalanfjes  and  other 
smaller  bones,  even  though  the  cartilages  of  the  ribs  and  femur  were 
without  a  vestige  of  lime  salts.  The  osteoid  borders  of  the  trabeculae 
were  widest  where  the  most  rapid  growth  was  under  way,  for  ex- 
ample, in  the  middle  tier  of  ribs  and  the  nuclei  of  ossification  at  the 
ends  of  the  long  bones.    In  the  latter  situation  appositive  bone  forma- 
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tion  must  be  very  rapid,  since  in  the  process  of  growth  the  epiphyseal 
cartilage  has  to  be  replaced  by  bone  during  the  period  when  the 
epiphysis  as  a  whole  is  enlarging  to  keep  pace  with  the  growth  of  the 
entire  body. 

Broadly  speaking,  these  bones  had  certain  characteristics  in  com- 
mon with  the  bones  of  rachitic  children.  The  cartilages  were  not 
calcified,  the  epiphyseal  line  was  irregular,  and  there  was  a  con- 
siderable degree  of  invasion  of  the  cartilage  by  blood  vessels  from  the 
shaft.  Osteoid  tissue  was  formed  in  abnormal  amounts,  and  the  failure 
of  calcification  to  occur  resulted  in  weakness  of  the  skeleton,  with 
deformity'-  of  the  thorax,  cranio-tabes,  etc.  Attempted  compensation 
for  the  lack  of  calcification  of  the  bones  was  seen  in  the  over-produc- 
tion of  preosseous  tissue  and  the  subperiosteal  hypertrophy  of  the 
cortex.  On  the  other  hand,  the  changes  in  the  bones  which  were  pro- 
duced by  the  above  described  diets  differed  from  rickets  in  several 
important  particulars.  The  cartilage  cells  retained  their  columnar 
arrangement  in  spite  of  a  considerable  degree  of  invasion  by  blood 
vessels.  Moreover,  as  Schmorl  (7)  has  pointed  out  in  the  bones  of 
puppies  fed  on  low  calcium  diets,  these  bones  showed  evidences  of  a 
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much  greater  degree  of  resorption  than  is  usually  seen  in  the  bones  of 
rachitic  children. 

If  rats  which  had  been  confined  for  some  weeks  to  one  of  the  diets 
described  above  were  given  cod  liver  oil  for  a  few  days  before  they 
were  killed,  a  healing  process  was  induced  which  was  evidenced  by  the 
formation  of  a  provisional  zone  of  calcification  in  the  proliferative 
cartilage  of  the  bones.  If  the  animal  was  allowed  to  live  for  a  suffi- 
cient length  of  time  after  the  administration  of  cod  liver  oil  was 
begun,  the  rachitic  process  in  the  bone  was  healed,  and  instead  a 
condition  of  osteoporosis  developed.  If  cod  liver  oil  was  included  in 
the  dietary  formula  from  the  beginning  of  its  administration,  the 
animals  were  never  normal,  and  the  bones  at  autopsy  were  absolutely 
different  from  those  of  rachitic  rats.  They  showed  a  peculiar  path- 
ological condition  which  will  be  fully  discussed  in  a  subsequent  paper. 

When  adequate  amounts  of  calcium  carbonate  were  added  to  the 
diets,  the  condition  which  developed  in  the  skeleton  was  normal. 

Conclusions. 

1.  Rats  which  have  been  fed  on  the  diets  described  above,  which 
are  low  in  calcium,  but  which  contain  a  sufficient  supply  of  the  fat- 
soluble  A  and  have  an  approximately  normal  content  of  phosphate. 
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develop  a  pathological  condition  of  the  bone  which  has  certain  fun- 
damental resemblances  to  human  rickets.  The  condition  is  charac- 
terized by  increased  persistence  of  the  epiphyseal  cartilage,  its  in- 
vasion by  blood  vessels  from  the  shaft,  failure  in  lime  salt  deposition, 
the  formation  of  a  mixed  zone  between  the  cartilage  and  shaft  (the 
rachitic  metaphysis),  and  the  over-production  of  osteoid  tissue.  Gross 
deformities  which  cannot  be  differentiated  from  those  caused  by  rickets 
are  seen  at  autopsy. 

2.  The  above  described  pathological  condition  differs  from  rickets, 
as  that  disease  commonly  occurs  in  man,  in  that  the  arrangement  of 
the  proliferative  zone  of  cartilage  cells  is  maintained,  and  that  the 
evidences  of  bone  resorption  in  the  diaphysis  are  excessive. 

3.  The  rickets-like  condition  of  the  skeleton  does  not  develop,  if  the 
deficiency  in  calcium  is  compensated  for  by  the  addition  to  the  diet 
of  calcium  carbonate. 

4.  The  rickets-like  condition  never  develops,  if  the  animal  is 
allowed  to  receive  cod  liver  oil,  and  the  administration  of  cod  liver  oil, 
when  the  condition  is  well  advanced,  is  followed  by  healing  of  the 
lesion  with  the  formation  of  an  osteoporotic  bone. 

5.  Since  this  pathological  condition  in  the  skeleton  is  in  no  way 
prevented  by  an  amount  of  butter  fat  which  is  amply  sufficient  to 
protect  the  animals  against  keratomalacia,  it  is  necessary  to  assume 
that  butter  fat  exercises  a  very  feeble  influence  in  protecting  animals 
against  the  development  of  rickets-like  lesions. 
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EXPLANATION    OP    PLATES. 

Plates  XXV. 

Fio.  1.  Longitiidinal  section  through  the  cartilage  and  shaft  of  the  tenth  rib 
of  a  rat  on  a  diet  low  in  calcium,  to  show  the  extreme  angulation  at  the  costo- 
ehondral  junction.     (Leitz  micro-summar  objective  135  mm.) 

Fio.  2.  Photomicrograph  of  a  longitudinal  section  through  the  proximal  end 
of  the  tibia  of  a  rat  on  the  diet  of  lot  2810.     (Same  magnification  as  in  figure  1.) 

Plates  XXVI. 

Fio.  3.  This  photograph  shows  the  invasion  of  the  lower  borders  of  the 
epiphyseal  cartilage  by  capillary  vessels  from  the  diaphysis,  and  the  radial  arrange- 
ment of  the  columns  of  cartilage  cells.  Note  the  small  amount  of  intercellular 
matrix  and  the  close  apposition  of  the  cells.     (Leitz  objective  No.  3.) 

Fio.  4.  Photograph  with  Leitz  objective  No.  6  showing  a  capillary  blood 
vessel  invading  the  epiphyseal  cartilage.  The  vascular  sprout  is  forcing  its  way 
along  the  septum  which  separates  one  cartilage  cell  from  another. 

Plates  XXVII. 

Fio.  5.  Large  blood  sinuses  between  the  epiphyseal  cartilage  and  the  shaft 
of  the  bone.     (8ame  magnification  as  figure  4.) 

Fio.  6.  Spongiosa  of  the  shaft  of  the  femur  from  a  rat  on  diet  of  Lot  2581. 
Note  the  numerous,  slender  trabeculae,  each  surrounded  by  a  zone  of  osteoid  tis^ 
sue.    (Leitz  No.  3  objective.) 

Plates  XXVIII. 

Fio.  7.  High  power  photomicrograph  of  a  trabecula  with  appositive  osteoid. 
The  cells  in  the  osteoid  are  widely  separated,  the  nuclei  of  the  greater  number 
are  small.  The  osteoid  border  is  wide  and  its  edges  are  sharply  cut.  In  the  cal- 
cified portion  of  the  trabecula  is  seen  the  cross  section  of  a  perforating  blood 
vessel. 

Fio.  8.  High  power  photomicrograph  (Leitz  objective  No.  6)  to  show  the 
resorptive  osteoid  from  the  bone  of  an  animal  on  a  diet  low  in  calcium^  No.  2581. 
The  osteoid  border  of  these  trabeculae  is  narrow.  Calcification  of  the  trabeculae 
is  very  poor.  The  trabeculae  are  crowded  with  large  bone  corpuscles,  and  at  the 
border  of  the  trabecula  is  seen  a  mass  of  osteoblasts  four  or  five^  cells  in  depth. 
(O.  S.) 

Plates  XXIX. 

Fio.  9.  Longitudinal  section  through  shaft  of  long  bone  to  show  subperi- 
osteal-hyperplasia ( Hyp. ) . 

Fio.  10.  Photomicrograph  of  callus  about  a  spontaneous  green  stick  frae- 
ture  (f.).  The  (cal.),  which  is  separated  from  the  cortex  by  a  mass  of  bone 
marrow,  is  almost  entirely  composed  of  osteoid  tissue. 
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mic  substance)  does  not  in  the  absence  of  added  calcium  prove  effec- 
tive as  an  agent  in  the  calcification  of  bone,  but  in  diets  markedly 
deficient  in  calcium  with  an  approximately  normal  content  of  phos- 
phorus, cod  liver  oil  in  surprising  contrast  to  even  much  larger 
amounts  of  butter  fat  serves  to  protect  the  animal  against  defective 
calcification  of  the  osseous  tissue.  The  bones  of  rats  which  have  been 
raised  on  a  diet  in  which  butter  fat  supplies  the  only  source  of  the 
fat-soluble  organic  factor  show  a  severe  rickets-like  condition  which 
we  have  described  at  length  elsewhere.  These  bones  contain  much 
osteoid  tissue.  The  cartilages  are  not  calcified  and  a  pathological 
metaphysis  is  formed  (Fig.  3).  These  animals  show  gross  skeletal 
changes  which  can  not  be  differentiated  from  those  which  are  the 
result  of  rickets. 

Bats  of  the  second  generation  on  such  diets  (Lot  No.  2733)  have 
bones  which  differ  almost  unbelievably  from  those  of  the  parents. 
The  cartilages  are  somewhat  broader  than  normal,  and  very  irregu- 
larly,  or  not  at  all  calcified.     There  is  very  little  invasion  of  the  carti- 
lage, however,  and  very  little  matrix  between  the  cartilage  cells.     The 
bone  itself  is  a  mass  of  very  slender  trabeculae  which  may  be  fairly 
well  calcified  or  may  be  composed  almost  entirely  of  osteoid  tissue. 
In  either  event  the  trabeculae  are  filled  with  enormous  bone  corpuscles 
with  large  nuclei.    Many  of  the  bone  corpuscles  are  surrounded  by  a 
clear  area,  although  they  are  in  touch  with  the  surrounding  bone 
through  processes  of  their  cytoplasm.     The  osteoblasts  which  surround 
the  slender  trabeculae  are  of  enormous  size  and  of  low  columnar  or 
polyhedral  form.     Often  there  are  several  layers  of  them  about  a 
single  trabecula.     Sometimes  the  osteoblasts  appear  to  be  separated 
from  the  trabeculae  which  they  surround,  by  capillary  blood  vessels. 
At  least  blood  colls  are  to  be  found  between  the  trabecula  and  the 
osteoblasts  which  surround  it,  though  the  vessel  wall  is  usually  not 
visible.     In   gross  these  animals  are   distinguished   by  the  extreme 
slenderness  of  their  bones.     The  skeleton. is  very  fragile,  fractures  of 
the  long  bones  are  uncommon,  but  there  are  always  multiple  fractures 
of  the  ribs.     More  than  100  fractures  have  been  present  in  a  single 
thorax.     The  callus  which  is  formed  during  the  healing  process  is 
very  scanty.    Neither  the  epiphyses  of  the  long  bones  nor  the  costo- 
chondral  junctions  are  at  all  enlarged,  and  there  is  no  gross  deformity 
of  the  chest  wall.    We  shall  discuss  the  pathology  of  these  animals  and 
its  significance  in  more  detail  in  another  communication. 

We  have,  therefore,  been  fortunate  in  establishing  experimental 
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Plates  XXX  to  XXXIII.     (Figures  1  to  6.) 

In  the  first  paper  of  this  series*  we  pointed  out  that  a  diet  which 
consisted  of  cereal  grains,  legume  seeds,  and  muscle  meat,  supple- 
mented with  sodium  chloride  and  sodium  bicarbonate,  was  capable  of 
supporting  approximately  normal  growth,  and  the  animals  were 
capable  of  producing  and  rearing  some  young  when  3  per  cent,  of  cod 
liver  oil  was  added  to  it.  Essentially  the  same  mixture,  supplemented 
with  5  per  cent,  of  butter  fat,  instead  of  the  cod  liver  oil,  failed  to 
induce  appreciable  growth  and  led  to  permanent  stunting,  early  de- 
terioration and  death.  Our  earlier  studies  showed  that  cereal,  legume 
seed  and  muscle  meat  mixtures  require  additions  of  calcium,  sodium, 
chlorine,  and  fat-soluble  A,  to  render  them  suflSciently  complete  to 
make  possible  normal  growth  to  maturity  and  approximately  normal 
fertility. 

The  striking  point  about  the  experiments  referred  to  is  that  the 
animals  were  so  much  more  effectively  protected  against  injury,  due 
to  the  low  calcium  content  of  the  diet  by  cod  liver  oil,  than  by  butter 
fat,  even  when  much  more  of  the  latter  than  of  the  former  was  added 
to  the  diet.  This  suggests  that  either  (a)  cod  liver  oil  contains  a 
dietary  essential  in  abundance  which  is  contained  but  sparingly  in 
butter  fat,  or  (5)  that  at  least  two  organic  nutritive  principles  are 

*  Jour.  Biol.  Chem.,  1921,  xlv,  333. 
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associated  with  certain  fats,  and  that  both  butter  fat  and  cod  liver 
oil  contain  each,  but  in  proportions  widely  different.  With  the  fol- 
lowing diet 

Per  cent. 

Rolled    oats    30.0 

Casein    18.0 

Salts    (185)    3.7 

Agar-Agar    2.0 

Dextrin    46.3 

we  have  repeatedly  demonstrated  that  xerophthalmia,  but  never 
rickets,  develops.  This  we  have  discussed  more  extensively  else- 
where.* The  bones  are  osteoporotic  but  not  rachitic.  The  inorganic 
constituents  are  present  in  a  proportion  which  makes  calcification  com- 
plete, but  some  substance  necessary  for  the  formation  of  normal 
osseous  tissue  is  lacking.  Either  butter  fat  or  cod  liver  oil  will  furnisL 
the  necessary  constituent  in  this  particular  diet. 
With  the  following  diet 

No.  3041. 

Per  cent. 

Wheat    30.0 

Corn   20.0 

Peas    10.0 

Navy  beans 10.0 

Rolled  oats   10.0 

Polished  Rice   10.0 

Casein    10.0 

xerophthalmia  never  develops,  but  a  pathological  condition  bearing 
fundamental  resemblances  to  rickets  invariably  does.  In  this  diet 
the  faults  are  deficiency  in  calcium  and  low  fat-soluble  A.  It  should 
be  kept  in  mind  that  in  this  diet  fat-soluble  A  is  not  absent.  Perhaps 
an  estimate  that  it  furnishes  50  per  cent,  of  the  optimal  requirement 
of  the  growing  rat  for  this  substance  would  not  be  far  from  correct. 
'We  have  abundantly  demonstrated,  however,  that  the  addition  of 
butter  fat  alone  to  this  diet  will  not  cause  optimal  growth  and  skeletal 
development.  It  will,  as  a  matter  of  fact,  judging  from  the  growth 
curves  so  far  obtained,  improve  the  condition  of  animals  on  this 
diet  scarcely  at  all,  even  though  the  amount  added  may  be  anywhere 
between  3  and  20  per  cent,  of  the  food  mixture;  This  observation  we 
can  now  bring  into  contrast  with  the  results  of  feeding  a  similar  food 
mixture  in  which  the  deficiency  was  calcium  alone,  and  on  which  the 

*  Johns  Hopkins  Hospital  Bulletin,  May,  1921. 
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condition  of  the  animals  differed  in  the  most  pronounced  degree,  de- 
pending on  whether  the  fat  added  to  the  diet  was  cod  liver  oil  or 
butter  fat. 

Galcium  is  a  more  serious  limiting  factor  as  regards  growth  in  a 
seed  and  steak  di^t  than  is  any  organic  substance.  The  presence  of 
even  liberal  amounts  of  butter  fat  (ten  to  fifteen  times  the  amount 
necessary  to  protect  against  ophthalmia  on  a  diet  of  isolated  food  sub- 
stances) proves  to  be  little  or  no  benefit  in  preventing  injury  due  to* 
insufficient  calcium.  Cod  liver  oil,  however,  is  of  much  higher  bio- 
logical value  for  protecting  rats  against  a  lime  salt  deficiency.  This 
protection  is  manifested  in  stimulation  of  growth  and  in  greatly  im- 
proved appearance,  but  although  these  rats  may  seem  exceptionally 
well-nourished  <ind  appear  to  possess  great  vigor,  they  are  actually  in 
a  state  of  nutritional  instability.  As  a  matter  of  fact,  their  vitality 
is  far  below  that  of  rats  on  highly  satisfactory  diets.  Their  weakness, 
moreover,  is  shown  in  a  spectacular  way  in  its  effect  on  the  females 
as  regards  nursing  their  young.  Such  female  rats  show  characteristic 
behavior,  they  are  nervous  and  apprehensive,  in  walking  they  stand 
with  legs  more  extended,  and  with  the  body  held  higher  than  is  the 
case  with  a  normal  animal.  Their  gait  is  unsteady  and  slightly  tot- 
tering. When  at  rest  they  have  some  difficulty  in  getting  on  their 
feet.  Not  infrequently  the  mothers  die  after  nursing  litters  for  16-18 
days,  although  they  appear  externally  to  be  in  good  condition.  This 
is  especially  to  be  emphasized  in  view  of  the  fact  that  the  animals  on 
these  low  calcium  diets  which  were  enabled  to  grow  fairly  well  by 
reason  of  the  administration  of  cod  liver  oil  were  distinctly  below  the 
normal  in  their  physical  development. 

They  sometimes  succeed  in  weaning  their  young,  they  frequently 
do  not,  especially  with  second  or  later  litters.  They  only  rarely  de- 
stroy their  young  soon  after  birth,  but  are  not  able  to  nourish  them 
satisfactorily  with  their  milk.  The  difference  between  the  protective 
value  of  butter  fat  and  cod  liver  oil,  however,  is  manifested  in  the 
difference  of  fertility  of  rats  fed  on  one  of  these  fats,  as  contrasted 
with  the  other.  We  have  never  been  able  to  secure  young  with  diets 
low  in  calcium  of  the  type  described  in  Chart  1.  On  the  other  hand, 
cod  liver  oil  to  the  extent  of  1  to  3  per  cent,  is  very  effective  in  pro- 
moting fertility.  These  young  restricted  to  the  mother's  diet  are 
short  and  stocky,  rough-haired,  with  very  poor  skeletons,  but  little 
calcified,  and  die  early. 

Butter  fat,  although  a  good  source  of  fat-soluble  A  (anti-ophthal- 
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mie  substance)  does  not  in  the  absence  of  added  calcium  prove  effec- 
tive as  an  agent  in  the  calcification  of  bone,  but  in  diets  markedly 
deficient  in  calcium  with  an  approximately  normal  content  of  phos- 
phorus, cod  liver  oil  in  surprising  contrast  to  even  much  larger 
amounts  of  butter  fat  serves  to  protect  the  animal  against  defective 
calcification  of  the  osseous  tissue.  The  bones  of  rats  which  have  been 
raised  on  a  diet  in  which  butter  fat  supplies  the  only  source  of  the 
fat-soluble  organic  factor  show  a  severe  rickets-like  condition  which 
we  have  described  at  length  elsewhere.  These  bones  contain  much 
osteoid  tissue.  The  cartilages  are  not  calcified  and  a  pathological 
metaphysis  is  formed  (Fig.  3).  These  animals  show  gross  skeletal 
changes  which  can  not  be  differentiated  from  those  which  are  the 
result  of  rickets. 

Rats  of  the  second  generation  on  such  diets  (Lot  No.  2733)  have 
bones  which  differ  almost  unbelievably  from  those  of  the  parents. 
The  cartilages  are  somewhat  broader  than  normal,  and  very  irregu- 
larly, or  not  at  all  calcified.  There  is  very  little  invasion  of  the  carti- 
lage, however,  and  very  little  matrix  between  the  cartilage  cells.  The 
bone  itself  is  a  mass  of  very  slender  trabeculae  which  may  be  fairly 
well  calcified  or  may  be  composed  almost  entirely  of  osteoid  tissue. 
In  either  event  the  trabeculae  are  filled  with  enormous  bone  corpuscles 
with  large  nuclei.  Many  of  the  bone  corpuscles  are  surrounded  by  a 
clear  area,  although  they  are  in  touch  with  the  surrounding  bone 
through  processes  of  their  cytoplasm.  The  osteoblasts  which  surround 
the  slender  trabeculae  are  of  enormous  size  and  of  low  columnar  or 
polyhedral  form.  Often  there  are  several  layers  of  them  about  a 
single  trabecula.  Sometimes  the  osteoblasts  appear  to  be  separated 
from  the  trabeculae  which  they  surround,  bv  capillary  blood  vessels. 
At  least  blood  cells  are  to  be  found  between  the  trabecula  and  the 
osteoblasts  which  surround  it,  though  the  vessel  wall  is  usually  not 
visible.  In  gross  these  animals  are  distintruished  by  the  extreme 
slenderness  of  their  bones.  The  skeleton. is  very  fragile,  fractures  of 
the  long  bones  are  uncommon,  but  there  are  always  multiple  fractures 
of  the  ribs.  More  than  100  fractures  have  been  present  in  a  single 
thorax.  The  callus  which  is  formed  during  the  healing  process  is 
very  scanty.  Neither  the  epiphyses  of  the  long  bones  nor  the  costo- 
chondral  junctions  are  at  all  enlarged,  and  there  is  no  gross  deformity 
of  the  chest  wall.  We  shall  discuss  the  pathology  of  these  animals  and 
its  significance  in  more  detail  in  another  communication. 

We  have,  therefore,  been  fortunate  in  establishing  experimental 
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inorganic  substances  are  contained  in  a  food,  bone  formation  can  take  place  in  a 
fairly  normal  manner,  without  the  aid  of  the  substance  designated  above  as  X. 
It  is  difficult  to  explain  the  observed  results  on  any  other  assumption.    It  seems 
very  suggestive,  that  as  the  content  of  calcium  and  of  phosphate  in  the  food  de- 
viates from  the  optimum  ratio,  either  upward  or  downward  and  in  either  direction, 
there  arises  a  need  for  a  regulatory  substance  which  aids  in  directing  the  osteo- 
blaf'!,\  activity  toward  the  most  favorable  objective  from  the  standpoint  of  the 
V>i vidua  1.     Its  purpose  is  to  turn  the  bone  corpuscle  toward  normality.     The 
^d  for  this  hypothetical  X  becomes  greater,  the  more  decided  the  departure  of 
le   diet  from  the  optimum  in  calcium  and  phosphorus  ratios.     When  these  com- 
pea  cues  are  present  in  optimal  amounts  the  need  for  the  regulatory  factor  certainly 
jBV  ?-r  small  as  compared  with  what  it  is  when  either  calcium  or  phosphate  or  both 
&Tf       rnished  by  the  diet  in  abnormal  amounts  or  proportions. 

lART  2.    Lots  2732  and  2733  were  restricted  throughout  the  experiment  to 
hich  were  identical  with  that  of  Lot  2731  (Chart  1),  except  that  cod  liver 
laced  the  butter  fat.     The  remarkable  benefit  which  the  animals  derived 
7en  such  small  amoimts  of  cod  liver  oil  as  1  to  3  per  cent.,  as  contrasted  with 
even  jrJ  or  20  per  cent,  of  butter  fat,  is  easily  seen  by  comparing  the  curves  of 
Chart  2  with  those  of  Chart  1.    The  former  not  only  grew  much  better,  but  looked 
well-nourished  and  produced  and  reared  young  to  the  weaning  stage,  whereas  the 
animals  whose  records  are  shown  in  Chart  1  were  rough-haired  and  poorly  nour- 
ished, and  were  infertile. 

Lot  2732  contained  4  females.  Three  of  these  had  four  litters  (18  young). 
These  were  never  normal,  but  the  mothers  reacted  normally  toward  them  and  never 
destroyed  them.  The  young  remained  under-sized  and  developed  badly  fractured 
ribs.    Their  abdomens  were  distended  and  they  died  early. 

Lot  2733  had  a  similar  history  so  far  as  reproduction  was  concerned. 

Chart  3.  Lot  2436  shows  in  a  striking  manner  the  effect  of  adding  1.5  per 
cent,  of  calcium  carbonate  to  the  diet  of  Lot  2731,  Chart  1.  These  two  groups 
of  curves  should  be  compared  with  Lots  2732  and  2733,  Chart  2,  and  with  Lots 
2925  and  2934,  Chart  1.  The  amount  of  calcium  contained  in  a  seed  and  steak 
mixture  is  very  inadequate  to  meet  the  needs  of  the  growing  rat  for  this  element. 
The  small  content  of  butter  fat  (3  per  cent.)  sufficed  in  this  case,  where  the 
content  of  both  calcium  and  phosphorus  were  near  the  optimum,  to  meet  all  the 
needs  of  the  osseous  system  for  any  organic  factor  which  is  concerned  with  the 
functioning  of  the  osteoblast.  Yet  in  the  absence  of  sufficient  calcium  in  a 
nutritive  situation  otherwise  identical,  20  per  cent,  of  butter  fat  failed  signally 
as  compared  with  1  or  3  per  cent,  of  cod  liver  oil,  to  preserve  the  health  and  vitality 
of  the  animals  or  to  enable  them  to  grow.  Such  evidence  may  possibly  suggest 
the  supposition  that  cod  liver  oil  contains  a  substance  distinct  from  fat-soluble 
A  and  not  hitherto  recognized  in  working  hj^pothoses  relating  to  the  interpreta- 
tion of  the  causes  of  nutritive  failure.  In  this  event  butter  fat  would  have  to 
contain  traces  of  this  substance,  for  when  the  calcium  and  phosphorus  are  pres- 
ent in  favorable  ratios  and  in  near  optimal  concentrations,  as  in  the  diet  of 
Lot  2436,  butter  fat  furnishes  everything  necessary  for  so  completing  the  seed- 
steak  formula  used  as  to  make  possible  the  formation  of  normal  bones. 
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conditions  which  clearly  show  that  butter  fat  and  cod  liver  oil  not  only 
contain  the  anti-ophthalmic  substance,  fat-soluble  A,  but  that  cod 
liver  oil  even  in  small  amounts  (2-3  per  cent,  of  the  diet)  will,  under 
the  experimental  conditions  here  described,  protect  against  the  bane- 
ful influence  of  serious  grades  of  calcium  starvation  when  other  fac- 
tors in  the  diet  are  satisfactory,  whereas  butter  fat  does  not  possess 
this  power  in  a  degree  demonstrable  by  our  method  of  study.  It  is 
probable  that  butter  fat  also  contains  minimal  amounts  of  this  organic 
factor,  which  is  so  abundant  in  cod  liver  oil,  but  the  antirachitic  ef- 
fect of  any  samples  of  butter  fat  which  we  have  employed  is  certainly 
very  small  as  compared  with  the  antixerophthalmic  potency.  This 
difference  between  the  effects  of  cod  liver  oil,  as  contrasted  with  but- 
ter fat,  can  up  to  the  present  time  be  demonstrated  only  under  the 
experimental  conditions  here  described,  viz.,  where  there  is  a  decided 
deficiency  in  the  calcium  content  of  the  food. 

In  all  the  reproduction  records  which  we  have  observed  in  these 
experiments,  in  which  cod  liver  oil  in  the  absence  of  sufficient  calcium 
in  the  diet  stimulated  growth  and  improved  the  vitality  of  the  animals 
so  as  to  enable  them  to  produce  young,  we  have  never  seen  a  case 
where  the  mother  destroyed  her  young  even  though  she  could  not 
nourish  them  satisfactorily  with  her  milk.  In  a  recent  discussion  of 
the  abnormal  attitude  which  mother  rats  frequently  take  toward  their 
young  when  restricted  to  diets  in  which  the  protein  is  inadequate,  we 
called  attention  to  the  infanticidal  tendency  caused  by  this  deficiency. 
It  is  interesting  that  this  tendency  to  destroy  the  young  is  not  caused 
by  any  fault  in  the  diet  which  places  the  mother  in  a  condition  of 
nutritive  instability  ih  which  she  may  easily  break  down  while  nursing 
a  litter,  or  in  which  she  fails  ir^  her  attempt  to  induce  normal  nutrition 
in  her  offspring. 

Conclusions. 

1.  Diets  in  which  the  calcium  is  deficient,  but  in  which  the  phos- 
phate content  is  near  the  optimum,  cause  injury  to  young  rats,  inter- 
fering with  growth  and  causing  characteristic  disturbances  in  the 
growth  and  ossification  of  the  skeleton. 

2.  Butter  fat,  even  in  liberal  amounts,  fails  to  be  very  effective  in 
protecting  the  animals  against  this  injury  due  to  calcium  deficiency. 

3.  Cod  liver  oil,  on  the  other  hand,  is  remarkably  effective  in  pro- 
moting growth  under  the  experimental  conditions  described,  and  in 
protecting  young  animals  against  the  harmful  effects  of  partial  calcium 
starvation. 
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4.  These  results  suggest  the  possibility  that  a  dietary  essential  dis- 
tinct from  the  anti-ophthalmic  substance  (fat-soluble  A)  may  exist. 
If  this  is  the  case  this  would  appear  to  be  present  in  butter  fat  in  small 
amounts,  but  to  be  very  abundant  in  cod  liver  oil. 

5.  When  the  amount  of  calcium  in  the  diet  is  below  the  optimum, 
but  the  phosphorus  is  normal,  the  role  of  the  antirachitic  organic 
substance  is  to  direct  as  far  as  possible  the  bone  development  in  the 
direction  of  normal. 

6.  When  the  calcium  arid  phosphorus  content  of  the  diet,  and  pre- 
sumably the  other  mineral  elements,  are  nearly  optimal,  the  amount  of 
antirachitic  substance  needed  by  the  body  is  small,  and  its  function 
appears  to  be  regulatory.  The  need  for  this  substance  is  greatly 
increased  when  there  is  partial  starvation  for  calcium. 

7.  We  have  not  found  it  possible  to  demonstrate  experimentally  a 
difference  between  the  effects  of  cod  liver  oil  and  butter  fat  when  the 
content  of  the  diet  in  calcium  and  phosphorus  is  near  the  optimum, 
the  other  elements  in  the  diet  being  satisfactory. 

EXPLANATION   OF    CHAETS. 

« 

Chart  1.  Lots  2731,  2925  and  2934  illustrate  the  failure  of  butter  fat,  when 
added  to  the  extent  of  3  to  10  and  20  per  cent,  respectively,  to  stimulate  growth 
in  animals  fed  the  diets  described  in  the  chart.  The  sole  deficiency  of  appreciable 
magnitude  in  these  food  mixtures  is  calcium.  This  is  shown  by  a  comparison  of 
the  curves  of  these  groups  with  those  of  Lot  2436,  Chart  3.  In  the  latter  group 
the  diet  was  identical  with  that  of  2731,  except  that  the  sodium  bicarbonate  was 
replaced  by  calcium  carbonate.  The  addition  of  calcium  caused  normal  growth, 
high  fertility  and  low  infant  mortality.  Even  a  fourth  generation  female  success- 
fully reared  young  of  the  fifth  generation  on  this  diet,  and  there  was  no  noticeable 
deterioration  in  the  vitality  of  these  descendants. 

Lots  2731,  2925  and  2934  were  in  a  '* twilight  zone''  of  nutritional  instability. 
There  appears  to  be  no  significance  in  the  somewhat  longer  life  span  of  some  of  Lot 
2925  as  compared  with  the  other  groups. 

Even  3  per  cent,  or  less  of  butter-fat  contains  sufficient  fat-soluble  A  to  pre- 
vent ophthalmia,  and  is  sufficiently  potent,  so  that  when  both  calcium  and 
phosphate  are  present  in  optimal  concentrations  at  least  fairly  satisfactory  bone 
growth  is  possible.  Even  20  per  cent,  of  butter  fat  docs  not,  however,  further  ap- 
preciably promote  their  well-being  under  the  conditions  of  those  experiments 
where  the  calcium  and  phosphorus  content  of  the  diet  are  unsatisfactory. 

The  interpretation  of  experimental  data  such  as  we  are  describing,  with  a  view 
to  determining  whether  there  are  two  uncharacterized  dietary  factors  in  such  fats 
as  butter  fat  or  cod  liver  oil,  in  which  hitherto  only  fat-soluble  A  was  recognized 
is  rendered  very  difficult  because  of  the  impossibility  up  to  the  present  time  of 
separating  the  two,  if  there  be  two,  and  studying  them  independently.  We  are 
confronted  with  the  question  as  to  whether,  when  all  indispensable  organic  and 
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inorganie  substances  are  contained  in  a  food,  bone  formation  can  take  place  in  a 
fairlj  normal  manner,  without  the  aid  of  the  substance  designated  above  as  X. 
It  is  difficult  to  explain  the  observed  results  on  any  other  assumption.  It  seems 
verj  suggestive,  that  as  the  content  of  calcium  and  of  phosphate  in  the  food  de- 
viates from  the  optimum  ratio,  either  upward  or  downward  and  in  either  direction, 
there  arises  a  need  for  a  regulatory  substance  which  aids  in  directing  the  osteo- 
blastic activity  toward  the  most  favorable  objective  from  the  standpoint  of  the 
individual.  Its  purpose  is  to  turn  the  bone  corpuscle  toward  normality.  The 
need  for  this  hypothetical  X  becomes  greater,  the  more  decided  the  departure  of 
the  diet  from  the  optimum  in  calcium  and  phosphorus  ratios.  When  these  com- 
ponents are  present  in  optimal  amounts  the  need  for  the  regulatory  factor  certainly 
is  very  small  as  compared  with  what  it  is  when  either  calcium  or  phosphate  or  both 
are  furnished  by  the  diet  in  abnormal  amounts  or  proportions. 

Chart  2.  Lots  2732  and  2733  were  restricted  throughout  the  experiment  to 
diets  which  were  identical  with  that  of  Lot  2731  (Chart  1),  except  that  cod  liver 
oil  replaced  the  butter  fat.  The  remarkable  benefit  which  the  animals  derived 
from  even  such  small  amounts  of  cod  liver  oil  as  1  to  3  per  cent.,  as  contrasted  with 
even  10  or  20  per  cent,  of  butter  fat,  is  easily  seen  by  comparing  the  curves  of 
Chart  2  with  those  of  Chart  1.  The  former  not  only  grew  much  better,  but  looked 
well-nourished  and  produced  and  reared  young  to  the  weaning  stage,  whereas  the 
animals  whose  records  are  shown  in  Chart  1  were  rough-haired  and  poorly  nour- 
ished, and  were  infertile. 

Lot  2732  contained  4  females.  Three  of  these  had  four  litters  (18  young). 
These  were  never  normal,  but  the  mothers  reacted  normally  toward  them  and  never 
destroyed  them.  The  young  remained  under-sized  and  developed  badly  fractured 
ribs.    Their  abdomens  were  distended  and  they  died  early. 

Lot  2733  had  a  similar  history  so  far  as  reproduction  was  concerned. 

Chart  3.  Lot  2436  shows  in  a  striking  manner  the  effect  of  adding  1.5  per 
cent,  of  calcium  carbonate  to  the  diet  of  Lot  2731,  Chart  1.  These  two  groups 
of  curves  should  be  compared  with  Lots  2732  and  2733,  Chart  2,  and  with  Lots 
2925  and  2934,  Chart  1.  The  amount  of  calcium  contained  in  a  seed  and  steak 
mixture  is  very  inadequate  to  meet  the  needs  of  the  growing  rat  for  this  element. 
The  small  content  of  butter  fat  (3  per  cent.)  sufficed  in  this  case,  where  the 
content  of  both  calcium  and  phosphorus  were  near  the  optimum,  to  meet  all  the 
needs  of  the  osseous  system  for  any  organic  factor  which  is  concerned  with  the 
functioning  of  the  osteoblast.  Yet  in  the  absence  of  sufficient  calcium  in  a 
nutritive  situation  otherwise  identical,  20  per  cent,  of  butter  fat  failed  signally 
as  compared  with  1  or  3  per  cent,  of  cod  liver  oil,  to  preserve  the  health  and  vitality 
of  the  animals  or  to  enable  them  to  grow.  Such  evidence  may  possibly  suggest 
the  supposition  that  cod  liver  oil  contains  a  substance  distinct  from  fat-soluble 
A  and  not  hitherto  recognized  in  working  h^'potheses  relating  to  the  interpreta- 
tion of  the  causes  of  nutritive  failure.  In  this  event  butter  fat  would  have  to 
contain  traces  of  this  substance,  for  when  the  calcium  and  phosphorus  are  pres- 
ent in  favorable  ratios  and  in  near  optimal  concentrations,  as  in  the  diet  of 
Lot  2436,  butter  fat  furnishes  everything  necessary  for  so  completing  the  seed- 
steak  formula  used  as  to  make  possible  the  formation  of  normal  bones. 
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growth,  high  fertility  and  the  successful  weaning  of  most  of  their  young.  The 
histological  peculiarities  of  the  bones  of  these  rats  are  illustrated  by  the  micro- 
photograph  in  Fig.  3. 

Plate  XXXI. 

Fig.  2.  This  photograph  illustrates  the  superior  physical  development  and 
appearance  of  a  group  of  rats  fed  the  same  diet  as  that  of  Lot  2821  (Fig.  1  and 
Chart  5),  except  that  two  per  cent,  of  the  butter  fat  in  the  latter  was  replaced 
by  cod^liver  oil.  The  nature  of  the  faults  in  the  diet  are  described  in  the  legend 
to  Fig.  1  and  that  of  Chart  5. 

The  bones  of  these  animals  were  not  far  from  normal  in  histological  structure. 
The  second  generation  had  bones  more  different  from  the  normal  than  were 
those  of  the  first  generation. 

The  appearance  of  these  animals  was  strikingly  superior  to  those  restricted 
to  the  same  diet  containing  5  per  cent,  of  butter  fat.  Cod  liver  oil  contains  some 
organic  substance  which  has  a  pronounced  anti-rhachitic  effect,  and  protects  young 
animals  against  the  harmful  effects  of  calcium  deficiency  and  of  unfavorable  ratios 
between  calcium  and  phosphorus. 

Plate  XXXII. 

f 

Fig.  3.  The  distal  end  of  the  femur  of  a  rat  on  a  diet  (No.  2810)  low  in 
calcium,  but  containing  an  amount  of  butter  fat  more  than  sufiicient  (5  per  cent.) 
to  protect  the  animal  against  keratomalacia.  The  cartilage  is  not  calcified  and  the 
shaft  of  the  bone  contains  large  amounts  of  osteoid  tissue. 

Fig.  4.  The  bone  shown  in  this  figure  is  from  an  animal  on  the  same  diet 
(No.  2732)  as  that  which  furnished  the  bone  in  Figure  4,  except  that  this  animal 
received  1  per  cent,  cod  liver  oil  instead  of  5  per  cent,  of  butter  fat.  The  bone 
is  somewhat  osteoporotic,  but  both  cartilage  and  trabeculae  are  heavily  calcified 
and  there  is  no  osteoid  present. 

Plate  XXXIII. 

FiQ.  5.  Lower  end  of  the  femur  from  a  second  generation  animal  on  the  diet 
of  Lot  2733,  to  show  the  large  number  of  very  cellular  trabeculae  which  are  only 
partially  calcified. 

Fig.  6.  Higher  magnification  of  a  portion  of  the  bone  shown  in  Figure  5. 
Note  the  extreme  slenderness  of  the  trabeculae  and  the  large  size  and  number  of 
the  osteoblasts,  as  well  as  the  character  of  the  osteoid  tissue. 
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INTRODUCTION. 

In  a  brief  preliminary  report^  we  described  a  faulty  ration  and 
its  effects  on  the  skeleton  of  the  growing  rat,  which  corresponded 
in  all  essential  details  to  rickets  as  that  disease  manifests  itself 
in  the  skeleton  of  the  human  being.  The  faulty  ration  in  ques- 
tion, No.  3127,  was  deficient  in  phosphorus  and  fat-soluble  A.^  In 
other  respects  it  was,  apparently,  satisfactorily  constituted.  It 
contained  protein  of  good  quality  and  adequate  in  amount.  The 
calcium  was  furnished  in  the  form  of  the  carbonate  in  a  propor- 
tion (2  per  cent  of  the  total  ration)  which  was  essentially  Jbhe 
amount  necessary'  for  the  best  promotion  of  growth,  longevity, 
and  reproduction.     We  took  pains  to  point  out  that,  when  the 

*Read  before  the  American  Pediatric  Society,  Swampscott,  Mass.,  June 
3,  1921. 

'We  are  at  present  unwilling  to  commit  ourselves  to  the  view  that  the 
antixerophthalmic  factor  and  the  factor  concerned  in  the  ossification  and 
fcrowth  of  the  skeleton  are  distinct,  though  we  are  prepared  to  acknowledge 
that  such  may  be  the  case.  We,  therefore,  use  fat-soluble  A  to  describe 
both  the  antixerophthlamic  and  antirachitic  factors,  assuming  that  the 
latter  has  a  separate  existence. 
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content  of  phosphorus  in  the  faulty  ration  was  raised  through  the 
substitution  of  2.5  per  cent  CaHP04  for  the  2  per  cent  CaCOa, 
osteoporosis  and  not  rickets  developed.  We  also  called  attention 
to  the  fact  that,  when  a  deficiency  in  calcium  as  well  as  in  phos- 
phorus was  created  through  the  omission  of  the  CaCOa  from  the 
faulty  ration,  a  pathological  condition  developed  in  the  skeleton 
which  was  entirely  distinct  from  rickets.  We  showed  further 
that,  when  cod  Uver  oil  was  added  to  the  faulty  ration  in  an 
amount  equal  to  2  per  cent  by  weight  of  the  ration,  the  pathologi- 
cal condition  which  developed  in  the  skeleton  was  osteoporosis 
and  had  no  resemblance  whatsoever  to  rickets.  We  beUeve  the 
results  obtained  in  the  experiments  cited  to  be  of  considerable 
significance.  In  the  first  place,  the  experiments  showed  that  it 
was  possible  to  produce  a  pathological  condition  in  the  rat  un- 
questionably similar  to  the  rickets  of  the  human  being  through 
the  diet  alone.  In  the  second  place,  they  showed  that  rickets 
could  be  induced  by  means  of  a  ration,  the  faults  of  which 
were  clearly  defined  and  sharply  limited;  viz,,  deficiencies  in 
phosphorus  and  fat-soluble  A.  In  the  third  place,  they  indicate 
that  deficiency  of  phosphorus  in  the  ration  insuflSciently  suppUed 
with  fat-soluble  A  would  give  rise  to  rickets  only  when  calcium 
was  present  in  a  ratio  considerably  higher  than  the  calcimn- 
phosphate  ratio  which  is  optimal  for  ossification.  The  experi- 
ments indicated,  therefore,  that  the  development  of  rickets 
in  this  instance  depended  on  the  existence  in  the  faulty  ration 
of  (1)  a  specific  disproportion  in  the  calcium-phosphate  ratio,  the 
phosphorus  being  low,  the  calcium,  relatively  speaking,  high,  and 
(2)  an  insufficiency  of  an  organic  substance  contained  in  cod  liver 
oil  having  a  profound  influence  on  the  calcification  of  cartilage 
and  the  ossification  of  bone. 

In  the  present  paper  we  wish  to  describe  further  the  composi- 
tion of  the  faulty  ration  which  produced  the  rachitic  lesions  above 
referred  to,  and  to  present  in  detail  the  anatomical  evidence  on 
which  the  statement  of  the  production  of  rickets  was  based. 
We  also  wish  to  describe  two  other  similarly  constituted  diets, 
one  being  the  diet  just  referred  to  only  slightly  modified,  and  their 
effects  on  the  growth  and  ossification  of  the  skeleton  in  the  rat. 
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Ration  S127. 

percent 

Rolled  oats 40.0 

Gelatin 10.0 

Wheat  gluten 7.0 

NaCl 1.0 


KCl 


1.0 


CaCO, 2.0 

Dextrin 39.0 

» 

This  mixture  was  markedly  deficient  in  phosphorus  and  in  fat- 
soluble  A  (antixerophthalmic  substance)  but  was  otherw^ise  well 
constituted.  Its  proteins  were  abundant  and  of  good  quaUty; 
its  content  of  calcium  not  far  from  the  optimum.  So  far  as  we 
can  judge  from  experimental  data  available,  the  content  of  other 
inorganic  constituents  was  satisfactory.  Whileit  did  not  furnish 
much  above  the  actual  requirement  of  the  antineuritic  substance, 
this  factpr  could  not  be  regarded  as  influencing  in  any  way  the 
well  being  of  the  animals. 

TABLE  I. 
Data  Concerning  Rats  of  Lot  31B7. 


No.  of  rat. 

Age  when 
put  on  diet. 

Weight 

when  put 

on  diet. 

Days  on 
diet. 

Age  at 
death. 

Xeroph- 
thalmia. 

Sex. 

Weight. 

days 

gm. 

days 

gm. 

642 

25 

41* 

24 

49 

4- 

9 

41 

688 

25 

41 

35 

60 

4- 

cf 

48 

689 

25 

41 

35 

60 

4- 

9 

46 

690 

25 

41 

35 

60 

4- 

c^ 

46 

708 

2.5 

41 

39 

64 

+ 

cf 

48 

•Tho  entire  litter  of  rats  composing  Lot  3127  was  weighed  together. 
Each  recorded  weight  in  the  column  does  not  represent  the  exact  weight  of 
the  individual  but  one-sixth  the  total  weight  of  the  litter.  The  sixth  rat 
was  partly  eaten  after  being  on  the  diet  35  days. 

Ration  3133  was  closely  similar  to  Ration  3127  except  that  the 
former  contained  0.5  per  cent  of  butter  fat  in  place  of  an  equivalent 
amount  of  dextrin.  This  supplied  a  small  amount  of  the  fat- 
soluble  A  (antixerophthalmic  substance)  but  not  sufficient  to  en- 
tirely protect  the  animals  against  ophthalmia.  This  addition  of 
butter  fat  was  not  sufficient  to  enable  them  to  grow,  although 
more  Uberal  amounts  would  have  done  so.    We  know  from  other 
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experiments,  however,  that  they  could  not  have  been  normal  or 
have  developed  normal  bones  even  with  very  Uberal  amounts  of 
butter  fat.  The  0.5  per  cent  of  butter  fat  added  to  their  diet 
extended  the  lives  of  the  animals  to  some  extent. 

TABLE  II. 
Data  Concerning  Rats  of  Lot  SISS. 


No.  of  rat. 

Ace  when 
put  on  diet. 

Weight 

when  put 

on  diet. 

Days  on 
diet. 

Agemt 
death. 

• 

Xeropa~ 
thmlmia. 

Sez. 

Weicfat. 

iav* 

gm. 

day 

gm. 

590 

16 

29* 

35 

51 

9 

35 

639 

16 

29 

43 

59 

9 

27 

706 

16 

29 

59 

75 

d* 

67 

717 

16 

29 

61 

77 

9 

45 

811 

16 

29 

91 

107 

& 

60 

860 

16 

29 

98 

114 

& 

39 

*Thc  entire  litter  of  rats  composing  Lot  3133  was  weighed  together. 
Each  recorded  weight  in  the  column  does  not  represent  the  exact  weight  of 
the  individual  but  one-eighth  the  total  weight  of  the  litter.  Two  rats 
disappeared  from  the  cage;  they  were  probably  eaten. 

Ration  SISS, 

percent 

Rolled  oats » 40.0 

Gelatin 10.0 

Wheat  gluten 7.0 

NaCl 1.0 

KCl 1.0 

Dextrin 38.5 

CaCOf 2.0 

Butter  fat 0.5 

Ration  S14S. 

■per  cent 

Wheat. 33.0 

Mai2e 33.0 

Gelatin 15.0 

Wheat  gluten 15.0 

NaCl 1.0 

CaCO, 3.0 

This  diet  contains  nearly  twice  the  optimal  content  of  calcium 
and  is  decidedly  below  the  optimum  in  its  content  of  phosphorus 
and  of  fat-soluble  A.     Otherwise  it  is  well  constituted.     On  this 
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food  mixture  young  rats  grow  somewhat  more  than  on  the  other 
diets  described  in  the  paper.  They  do  not  develop  xerophthahnia 
but  become  very  deformed  and  die  early. 

When  placed  upon  Ration  3127  the  young  rat  lives  for  not 
more  than  5  to  8  weeks.  The  growth  momentum  derived  from 
tfie  normal  diet  results  in  a  preUminary  gain.  This  soon  ceases, 
however.  The  weight  then  remains  stationary  and  dechnes 
toward  the  end  of  the  experiment.  The  rats  of  Lot  3127  were  25 
days  old  when  confined  to  the  faulty  ration,  and  were  killed  after 
periods  var3dng  from  24  to  39  days. 

TABLE  III. 
Data  Concerning  Rats  of  Lot  S143, 


No.  of  rat. 

Ace  when 
put  on  diet. 

Weight 

when  put 

on  diet. 

Days  on 
diet. 

Age  at 

death. 

Xeroph- 
thalmia. 

Sex. 

Weight. 

iay$ 

gm. 

dajft 

, 

(/m. 

671 

60 

64 

50 

100 

cT 

81 

667 

60 

66 

63 

113 

9 

82 

068 

60 

67 

63 

113 

9 

82 

831 

46 

76 

43 

88 

cf 

62 

879 

40 

60 

60 

100 

d* 

66 

914 

40 

66 

66 

106 

cf 

68 

916 

40 

63 

65 

105 

cf 

76 

918 

40 

60 

76 

116 

9 

60 

919 

28 

56 

69 

97 

• 

9 

63 

At  autopsy  the  bodies  were  small  and  greatly  emaciated.  Al- 
most no  fat  was  present.  The  eyes  were  inflamed.  The  incisor 
teeth  were  brittle.  The  thorax  was  flattened  at  the  sides,  and  in 
one  or  two  animals  was  hollowed  slightly  along  the  Une  of  junction 
of  the  cartilages  and  the  ribs.  In  none  of  the  animals,  however, 
was  it  greatly  deformed.  The  costochondral  junctions  themselves 
formed  fusiform  enlargements,  most  evident  on  the  internal  surface 
of  the  thorax.  The  enlargements  were  thrown  into  especial 
prominence  if  the  thoracic  wall  was  bent  inwards.  Fractures  of 
the  shaft  of  the  ribs  with  callous  formation  situated  usually  not 
far  behind  the  costochondral  junctions  were  present  in  three  of 
the  animals.  The  lower  end  of  the  radius  and  ulna  and  the  adja- 
cent ends  of  the  femur  and  tibia  formed  enlargements  similar  to 
those  seen  in  the  rachitis  of  human  beings.     When  stripped  of  their 
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muscles  the  ends  of  all- the  long  bones  were  found  to  be  enlarged. 
Fractures  of  the  long  bones  o^the  extremities  were  not  noted.  The 
strength  of  the  tibia  and  femur  was  greatly  reduced  and  both  these 
bones  and  the  ribs  offered  little  resistance  when  cut.  Examination 
of  the  cut  surface  of  the  femur  or  tibia  showed  that  the  junction 
of  cartilage  and  shaft  was  not  clearly  defined  and  that  below  tte 
cartilage  there  lay  a  pale  yellow  zone  of  not  very  great  depth 
which  proved  when  examined  under  the  microscope  to  be  a  transi- 
tional zone  containing  a  mixture  of  elements  derived  from  cartilage 
and  shaft.  Examination  of  the  cut  surface  further  showed  the 
cortex  to  be  extremely  thin  and  the  bone  marrow  to  have  approxi- 
mately normal  color. 

The  following  changes  were  noted  when  the  bones  were  examined 
under  the  microscope.*  The  epiphyseal  cartilage  separating  the 
nucleus  of  ossification  from  the  shaft  was  in  most  places  broader 
than  in  the  healthy  animal  and  at  several  points  was  continued  in 
irregular  blue-staining  prolongations  toward  or  actually  to  the 
shaft.  Its  diaphyseal  border  did  not  end  abruptly  on  coming  in 
contact  with  the  elements  derived  from  the  diaphysis  but  seemed 
to  undergo  a  gradual  transition  into  the  latter.  The  zone  of  un- 
differentiated cartilage  was  represented  by  few  cells.  Almost  at 
their  beginning,  close  to  the  nucleus  of  ossification,  the  cells  of  the 
epiphyseal  cartilage  became  arranged  in  columns  or  fascicles 
separated  by  rather  more  matrix  than  is  seen  in  the  bones  of  young 
rats  on  normal  diets.  Near  their  points  of  origin  the  cells  com- 
posing the  columns  were  flattened  as  if  compressed  in  the  long 
direction  of  the  shaft  and  lay  close  to  each  other,  but  at  a  short 
distance  from,  their  points  of  origin  became  oval,  round,  or  cu- 
boidal.  As  soon  as  the  cells  of  the  epiphyseal  cartilage  underwent 
the  expansive  change  just  referred  to,  the  intercellular  substance 
which  separated  the  cell  groups  became  greatly  diminished,  so  that 
the  columns  appeared  to  he  close  to  each  other.  Coincidently,  the 
cells  seemed  to  lose  to  a  certain  degree  their  aflSnity  for  hematoxy- 

•  The  technique  employed  in  these  experiments  was  as  follows :  The  bones 
were  hardened  in  formaldehyde.  They  were  cut  after  embedment  in  cel- 
loidin  in  sections  15  to  25  mikra  thick  and  stained  with  hematoxylin  and 
eosin.  Control  preparations  were  made  with  the  freezing  microtome  and 
stained  with  hematoxylin  and  also  silver  nitrate  after  the  method  of  von 
Kossa. 
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lin  ^%vith  the  result  that  both  nucleus  and  cell  body  appeared  more 

pal^.    The  cell  membrane  appeared  to  be  unusually  thick.    In 

general  the  nuclei  were  large,  round,  and  well  preserved.     The 

colxixnnar  arrangement  of  cells  was  at  some  points  maintained 

throtighout  the  breadth  of  the  cartilage,  but  at  others  became 

^^ar  or  entirely  lost  as  the  metaphysis  was  approached,  so 

the  cells  seemed  to  be  irregularly  jumbled  together.     Wher- 

®"v-C!sx:»  the  cartilage  cells  came  in  proximity  to  the  marrow  ele- 

°^^Xi.i:s  they  lost  their  blue  color  and  were  pale  yellow.     In  many 

Pl^-C3cs  the  cartilage  after  losing  its  staining  reaction  ended  abruptly 

1*^    c^ontact  with  the  blood  vessels  derived  from  the  marrow.     At 

r  places,  however,  the  cartilage  was  continuous  with  the 

•ilage  which  formed  the  bulk  of  the  transitional  zone  between 

c^.r-tilage  and  shaft,  the  rachitic  metaphysis  (Fig.  3). 

e  metaphysis  in  which  the  elements  derived  from  cartilage 
shaft  were  blended  in  an  irregular  manner  was  not  deep. 
^^■^<i^ed  in  comparison  with  the  metaphysis  in  the  bones  of  the  rats 
nations  3133  and  3143,  it  was  exceedingly  shallow.  It  was 
posed  of  the  irregular  prolongations  of  cartilage  from  the  main 
which  retained  their  blue  stain,  and  of  quantities  of  carti- 
^^^^^^  cells  which  had  lost  their  staining  reaction  to  hematoxyUn 
Tely  and  were  in  all  stages  of  transition  into  osteoid.  There 
osteoid  trabeculse  derived  largely  from  cartilage  and  having 
^  ^^^v^axy  appearance.  The  remains  of  calcified  intercellular  sub- 
^'^^^^■rxce  staining  deep  blue  and  having  a  configuration  like  the 
^J**^^^^s^5-section  of  a  honeycomb  were  formed  in  the  metaphysis.  The 
iled  description  of  the  various  elements  composing  the  meta- 
"^  sis  will  be  found  in  the  description  of  the  histological  findings 
he  rat  on  Ration  3133  (Fig.  4). 

he  cortex  of  the  shaft  near  the  metaphysis  was  broad  and  com- 

:;d  of  a  thick  interlacing  network  of  trabeculae  having  for  the 

t  part  central  cores  of  calcified  material  and  borders  of  osteoid. 

^^^     ^he  middle  of  the  bones  was  approached,  however,  the  cortex 

^^^-^me  thin.     The  trabeculae  had  a  central  core    of  calcified 

^^^^^^ti'Crial  but  peripheral  portions  composed  of  osteoid.     The  os- 

^^^i  d  zones  were  fairly  broad.   In  most  of  them  a  fibrillary  arrange- 

^^^"^t  could  be  made  out.     The  bone  corpuscles  of  the  calcified 

^^^^^*tion  were  small  and  those  in  the  osteoid  borders  appeared 

daily  small  and  far  separated  from  each  other.     They  pre- 
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sented  a  variety  of  shapes.  Some  were  round,  some  spindle- 
shaped,  some  irregular.  Moreover,  they  were  very  imevenly 
distributed.  Some  resorptive  phenomena  could  be  recognized 
in  the  calcified  portions  of  the  trabeculae.  The  marrow  appeared 
normal.  The  nucleus  of  ossification  showed  changes  both  in  its 
cartilaginous  elements  and  in  the  trabeculae  exactly  analogous  to 
those  described  in  the  epiphyseal  cartilage,  and  in  the  shaft. 

The  rats  on  Ration  3133  were  younger  (only  16  days  old) 
when  placed  upon  the  faulty  mixture  than  the  rats  of  the  lot  on 
Ration  3127,  and  were  kept  on  the  faulty  diet  for  longer  periods  of 
time,  on  the  average  63  days.  The  shortest  period  was  35  days 
and  the  longest  98  days.  The  rats  scarcely  more  than  main- 
tained their  initial  weight  on  Ration  3133.  They  were  small 
and  poorly  nourished.  The  eyes. of  most  of  them  were  inflamed. 
The  thorax  was  considerably  deformed.  The  costochondral  junc- 
tion was  considerably  enlarged.  In  the  majority  of  the  animals 
they  were  displaced  inwards  and  were  greatly  distorted.  Frac- 
tures of  the  ribs  were  present  with  well  marked  callous  formation. 
The  knees,  wrists,  and  ankles  were  considerably  enlarged,  as 
were  the  ends  of  all  the  long  bones.  The  femurs  and  tibias  cut 
with  greatly  diminished  resistance.  On  section  the  enlargement 
of  the  ends  of  the  long  bones  was  especially  e\'ident  and  seemed  to 
correspond  to  the  cartilage  and  to  a  white  zone  between  the  carti- 
lage and  bone  marrow  which  on  microscopic  examination  proved 
to  be  the  rachitic  transitional  zone  or  metaphysis.  The  line  of 
junction  between  the  cartilage  and  shaft  was  indistinct.  The 
shafts  of  the  long  bones  were  not  enlarged.  The  spleen  was  not 
increased  in  size  in  the  majority  of  the  rats  but  was  enlarged  in 
some. 

The  microscopic  changes  in  the  femurs  and  the  tibias  of  the 
rats  on  this  diet  resembled  those  described  in  the  bones  of  the 
rats  on  Ration  3127,  but  were  considerably  further  advanced. 
The  epiphyseal  cartilage  was  irregularly  increased  in  depth  and 
seemed  to  merge  with  the  metaphysis  in  a  manner  presently  to 
be  described.  The  breadth  of  the  metaphysis  was  almost  if  not 
quite  equal  to  the  breadth  of  the  epiphyseal  cartilage.  The 
shaft  of  the  bone  was  broad  where  it  bordered  on  the  metaphysis 
but  rapidly  contracted  so  that  the  shaft  of  the  bone  as  a  whole 
did  not  seem  to  be  enlarged  (Fig.  2). 
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The  undifFerentiated  cartilage  was  represented  by  only  a  few 
scattered  cells  or  cell  clusters.  Almost  at  their  beginning  the 
cartilage  cells  became  arranged  in  short  columns  or  rather  groups 
of  columns.  These  were  more  widely  separated  from  each  other 
by  matrix  than  in  the  healthy  animal;  that  is,  the  amount  of 
matrix  seemed  to  be  considerably  in  excess  of  that  found  in  the 
rat  under  normal  conditions.  The  columns  or  bimdles  of  carti- 
lage cells  just  referred  to  took  their  origin  at  somewhat  different 
levels.  They  were  bullet-shaped  and  the  ends  of  the  columns 
directed  toward  the  nucleus  of  ossification  were  for  the  most  part 
pointed.  The  cartilage  cells  composing  them  were  flat,  the  long 
dimension  running  from  side  to  side.  Some  of  them  had  the  same 
thickness  throughout,  others  were  spindle-  or  wedge-shaped. 
Many  of  them  were  curv^ed  like  crescents,  the  concave  side  of  the 
crescent  opening  diaphysealwards.  The  nuclei  were  in  some 
instances  centrally  placed,  in  others  at  the  side.  The  nuclei  were 
long  and  thin,  partaking  of  the  shape  of  the  cell,  and  took  a  very 
dark  stain  with  hematoxyhn.  In  some  cells  no  cytoplasm  could  be 
seen;  in  all,  the  cytoplasm  if  present  was  scant  and  took  a  paler 
blue  stain  than  the  cell  capsule  or  nucleus.  The  cell  capsule  was 
not  clearly  defined  and  could  not  be  easily  separated  from  the 
adjacent  cell  capsules  or  surrounding  matrix.  In  most  of  the 
bundles  the  arrangement  of  the  cartilage  cells  was  quite  irregular. 
The  cells  lay  one  upon  the  other,  but  not  in  continuous  columns. 
One  row  of  cartilage  cells  would  appear  to  interdigitate  with 
another  or  a  third  column  would  seem  to  be  interpolated  between 
two  rows  of  cartilage  cells.  The  matrix  in  the  part  of  this  portion 
of  the  proliferative  cartilage  near  the  nucleus  of  ossification 
stained  blue  with  hematoxyUn  but  as  the  hypertrophic  zone  of 
the  cartilage  was  approached  it  began  to  lose  its  blue  color  and 
appeared  yellow. 

As  the  metaphysis  was  approached  the  cells  of  the  cartilage 
underwent  a  remarkable  change.  The  cells  forming  the  bundles 
suddenly  expanded  assuming  globular,  oval,  or  cuboidal  shapes 
snd  at  the  same  time  began  to  lose  their  power  to  take  the  blue 
stain  of  the  hematoxyhn  and  soon  ceased  to  take  it  altogether. 
The  nuclei  shared  in  the  expansion  of  the  cells,  becoming  large, 
xx)und,  and  vesicular,  and  took  a  pale  blue  stain.  The  matrix 
l)etween  the  cell  bundles  which  had  lost  its  blue  color  earlier 
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than  the  cells  themselves  was  stained  a  pale  yellow  after  hema- 
toxylin and  eosin.  As  the  cells  increased  in  size,  the  broad 
zones  of  matrix  which  separated  them  became  somewhat  de- 
creased in  amount  with  the  result  that  the  columns  lay  closer 
to  each  other.  In  many  places,  however,  the  broad  zone  of 
matrix  which  separated  the  bundles  of  flat  cells  above  continued  to 
exist  between  the  columns  of  swollen  cells  nearer  the  diaphysis. 
As  the  cartilage*  cells  underwent  the  sudden  enlargement  and 
alteration  in  staining  reaction  their  columnar  arrangement 
tended  to  become  more  definite.  In  certain  places  in  which  the 
cartilage  was  prolonged  in  soUd  masses  into  the  metaphysis,  the 
cells  tended  to  retain  their  affinity  for  hematoxyUn.  The  mor- 
phology of  the  cells  in  these  irregular  prolongations  will  be  dis- 
cussed later.  Calcification  of  the  cartilage  was  entirely  wanting 
in  all  the  animals  on  this  diet. 

The  metaphysis  varied  considerably  in  its  depth,  and  in  its 
general  character.  In  the  majority  of  the  animals  it  was  deep. 
In  one  rat,  however,  which  weighed  only  25  gm.  when  killed,  it  was 
shallow.  In  all  the  animals  it  was  made  up  of  the  various  ele- 
ments derived  from  cartilage  and  shaft  which  usually  compose  the 
metaphysis  of  a  rachitic  bone  intermingled  in  an  irregular  manner. 
There  were  the  irregular  prolongations  of  the  epiphyseal  cartilage 
just  referred  to  which  retained  their  staining  reactions  to  hema- 
toxylin. There  was  cartilage  which  had  lost  its  staining  reaction 
altogether  and  seemed  to  be  in  various  stages  of  transformation 
into  osteoid.  Many  blood  vessels  were  present,  filled  with  red 
blood  cells  and  surrounded  by  marrow  elements.  There  were 
remnants  of  calcified  matrix  and  in  some  rats  considerable  amounts 
of  fibrous  tissue  (Fig.  5). 

In  all  of  the  rats  by  far  the  greater  part  of  the  metaphysis  was 
composed  of  the  cartilage  described  as  having  lost  its  staining 
reactions  entirely  in  the  process  of  transformation  into  osteoid. 
This  cartilage  appeared  in  the  sections  Ughtly  colored  as  cream 
color  or  pale  yellow  with  eosin.  It  had  exactly  the  same  staining 
reaction  as  the  osteoid  borders  of  the  trabecular  These  cartilage 
cells  for  the  most  part  looked  swollen  and  presented  a  great 
variation  in  size,  shape,  and  general  morphology  and  composed 
the  main  bulk  of  the  metaphysis.  Many  were  large,  and  round, 
oval,  or  cuboidal  in  shape.     Some  were  pear-shaped  and  some 


McCoUum,  Simmonds,  Shipley,  and  Park    517 

flattened.    The  nuclei  were  for  the  most  part  large  and  round  and 
stained  pale  blue  but  in  some  the  nuclei  were  small  and  deep  blue 
or  pycnotic.     The  cell  bodies  were  yellow  Uke  the  surrounding 
matrix  or  were  actually  colorless.    The  capsules  appeared  to  be 
exceedingly  thin.     They  were  colorless  in  the  case  of  many  of  the 
cells  and  could  be  distinguished  only  with  reduced  light  as  a 
transparent  circle  surrounding  the  cell.  In  the  case  of  other  cells 
the  capsules  retained  some  of  the  blue  stain.  The  cartilage  cells 
which  had  thus  lost  their  staining  reaction  were  anything  but 
\miform.     A  row  of  globular  cells  like  those  just  described  might  be 
continuous  with  a  group  of  small  cells,  the  smallest  perhaps  no 
larger  than  osteoblasts  with  correspondingly  small  nuclei  staining 
deeply  with  hematoxylin,  or  they  might  be  continuous  with  cells 
liaving  a  flat  contour  hke  those  described  in  the  cell  bundles  near 
"the  epiphyseal  nucleus.     Cells  could  be  found  which  seemed  to  be 
I'ading  away  into  a  substance  indistinguishable  from  the  sur- 
Tounding  matrix.     No  nuclei  seemed  to  be  present  in  them,  or 
"the  nuclei  were  so  faintly  stained  as  to  be  scarcely  visible  and  the 
existence  of  the  cells  could  be  recpgnized  only  by  the  faint  out- 
line of  the  cell  body  visible  under  reduced  illumination.     In 
fs^eneral,  the  cells  in  the  metaphysis  near  the  cartilage  teftded.  to  be 
disposed  in  columns  w^hich  were  continuous  with  the  columns  of 
^■he  cartilage  proper.     On  the  diaphyseal  side  of  the  metaphysis, 
liowever,  the  columnar  arrangement  had  very  largely  disappeared. 
The  large  globular  forms  of  cartilage  cell  were  more  numerous 
^lear  the  epiphyseal  cartilage.     The  small  forms  were  especially 
^'ommon  on  the  diaphyseal  side.     The  degenerating  forms,  also 
:MTiuch   more  frequent  on  the  diaphyseal    side,   were  especially 
^•numerous  in  the  immediate  neighborhood  of  the   blood  vessels, 
^ome  of  the  blood  vessels  seemed  to  be  surrounded  by  matrix 
^^xactly  like  the  osteoid  covering  the  trabeculae  in  its  staining 
j:)roperties  and  almost  devoid  of  nuclei.     The  amount  of  matrix 
in  which  the  cartilage  cells  lay  was  present  in  much  greater  quanti- 
fy on  the  diaphyseal  side  of  the  metaphysis  than  on  the  side  of  the 
epiphyseal  cartilage  (Fig.  7). 

The  cells  of  the  cartilage  which  retained  their  staining  property 
^'ere  for  the  most  part  those  composing  solid  prolongations  from 
the  main  mass  of  epiphyseal  cartilage.  Blood  vessels  did  not 
penetrate  them.      The  retention  of  their  normal  staining  proper- 


518      Studies  on  Experimental  Rickets.    VIII 

# 

ties  and  a  more  nearly  normal  morphology  may  have  been  due  to 
the  fact  that  they  happened  to  have  been  protected  from  the 
influences  of  the  diaphyseal  circulation.  The  cells  composing 
these  irregular  prolongations,  however,  showed  considerable  mor- 
phological variation.  Near  the  epiphyseal  cartilage  they  were 
frequently  indistinguishable  from  the  large  globular  cells  close 
to  the  bundles  of  flattened  cells.  As  the  diaphysis  was  approached, 
however,  the  cells  perhaps  assumed  a  flat  shape  and  appearance 
exactly  comparable  to  the  cells  forming  the  bundles  at  the  be- 
ginning of  the  epiphyseal  cartilage.  Nearer  the  diaphysis  they 
might  again  become  large  and  round  and  finally  they  might  again 
become  flat  or  show  evidence  of  partial  calcification  or  break  up 
into  small  groups  composed  of  cells  globular  in  form  and  much 
reduced  in  size,  with  clearly  defined  rather  thick  blue  staining 
cell  capsules  and  separated  by  an  abundant  matrix  which  had  lost 
its  staining  reactions  to  hematoxyUn  altogether.  Blood  vessels 
penetrated  the  metaphysis  from  the  shaft,  and  were  found  at  the 
level  at  which  the  sudden  transition  in  the  cartilage  above  des- 
cribed took  place;  i.e.j  to  the. level  at  which  the  cartilage  cells 
suddenly  became  swollen  and  lost  their  staining  properties.  This 
fact  wouM  seem  to  indicate  that  the  changes  in  the  cartilage 
might  be  initiated  as  the  result  of  circulatory  influences.  Blood 
vessels  of  all  sizes  could  be  seen  ramifying  in  an  irregular  manner 
through  the  diaphysis.  For  the  most  part,  however,  they  were 
not  large.  The  large  vessels  terminating  in  huge  tufts  so  fre- 
quently seen  in  the  bones  of  rachitic  human  beings  were  not 
present.  The  blood  vessels  were  filled  with  red  blood  cells  and 
were  surrounded  by  marrow  elements.  In  general,  it  would 
seem  that  they  penetrated  the  cartilage  rather  by  insinuating 
themselves  along  the  intercellular  ground  substance  separating  the 
columns  than  by  destruction  of  the  cartilage  cells  themselves. 
Occasionally,  however,  places  could  be  found  in  which  the  red 
blood  cells  were  present  within  the  cartilage  cell  capsule.  Evi- 
dently under  the  abnormal  conditions  induced  by  the  diet  the 
cartilage  cells  could  be  destroyed  by  the  vascular  elements,  but 
in  general  tended  to  persist,  undergoing  a  slow  degeneration  or 
change  into  hyaline  substance  or  possibly  a  change  of  a  metaplastic 
nature  into  osteoid  or  connective  tissue.  In  general,  the  blood 
vessels  had  a  delicate  endothelial  lining  but  groups  of  red  blood 
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cells  could  be  found  lying  in  spaces  in  the  mctaphysis  without 
evidence  of  surrounding  endotheUum.  In  general,  the  meta- 
physis  did  not  appear  to  be  disrupted  by  the  vascular  elements 
to  the  extent  frequently  seen  in  the  bones  of  rachitic  human  beings. 
Though  in  none  of  the  bones  of  the  animals  on  this  diet  was 
there  calcium  deposition  in  the  cartilage,  in  almost  all  there  were 
irregular  calcimn  deposits  at  one  point  or  another  in  the  meta- 
physis.  In  one  animal  a  zone  of  calcium  deposition  extended 
comf)letely  across  the  metaphysis,  bisecting  it.  The  calcium 
deposits  were  dehcate  and  for  the  most  part  completely  sur- 
rounded the  cartilage  cells,  having  in  sections  an  appearance  Uke 
that  seen  in  a  cross-section  of  a  honeycomb.  The  cartilage  cells 
in  the  metaphysis  encased  in  calcified  matrix  showed  morphologi- 
cal changes  and  loss  of  staining  reactions  comparable  to  those  in 
evidence  in  the  cartilage  of  the  metaphysis  elsewhere.  In  some 
of  the  interstices  of  the  calcified  matrix  red  blood  cells  and  other 
marrow  elements  could  be  seen. 

In  one  or  two  of  the  rats  there  was  considerable  connective 
tissue  formation  exactly  similar  to  the  fibrous  tissue  commonly 
seen  in  the  rickets  of  human  beings.    As  the  shaft  was  approached 
the  numbers  of  the  blood  vessels  increased  and  the  numbers  of 
cells  of  diaphyseal  origin  became  more  numerous.     Some  of  them 
bordering  the  blood  vessels  had  the  morphology  of  osteoblasts, 
others  of  connective  tissue  cells.     Trabeculae  devoid  of  any  calci- 
ned matter  but  containing  instead  cores  of  cartilage  cells  which 
"varied  greatly  in  size  and  were  in  various  stages  of  transformation 
or  degeneration  into  osteoid  were  seen  in  the  shaftward  portion 
of  the  metaphysis.     The  junction  of  the  diaphysis  and  metaphysis 
in  most  of  the  rats  was  marked  by  calcified  intercellular  substance 
indicating  the  level  in  the  growing  end  of  bone  at  which  the  effect 
of  the  faulty  diet  first  became  manifest. 

The  cortex  was  thin  and  the  trabeculae  were  covered  with  osteoid. 
The  cells  of  the  osteoid  investments  were  for  tlie  most  part  elon- 
Igated,  resembling  connective  tissue  cells,  and  were  widely  separated 
from  each  other.  The  osteoid  had  a  fibrillar  arrangement.  In 
some  of  the  animals  there  were  large  osteoid  formations  on  one 
side  of  the  bone  or  the  other  under  the  periosteum.  Few  evi- 
dences of  resorptive  activity  could  be  found.  The  marrow  ele- 
ments appeared  to  be  essentially  normal  (Fig.  6). 
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In  experiments  with  the  rats  of  Lot  3143  the  nonnal  diet  was 
stopped  and  the  faulty  ration  substituted  at  ages  ranging  from  28 
to  50  days.  The  animals  were  allowed  to  live  on  the  faulty 
ration  for  from  43  to  76  days.  When  placed  upon  the  faulty 
ration  they  continued  to  gain  slowly  or  remained  stationary  in 
weight.  They  never  developed  infianmiation  of  the  eyes  (xeroph- 
thalmia) on  account  of  the  presence  of  sufficient  protective  sub- 
stance in  the  wheat  and  maize  of  the  diet.  If  this  diet  is  con- 
tinued over  a  sufficient  length  of  time  the  animals  die.  Just 
before  the  end  of  their  lives  rats  on  this  ration  show  a  definite 
loss  of  control  of  the  posterior  extremities  which  results  in  a 
tottering  gait.  The  trouble  is  progressive  and  finally  results  in 
a  complete  paralysis  of  the  hind  legs.  This  condition  will  be 
fully  discussed  in  another  commimication. 

At  autopsy  they  were  small  and  emaciated.  The  incisor  teeth 
were  loose  and  so  brittle  as  to  be  easily  fractured.  The  thorax 
was  greatly  deformed.  Its  anteroposterior  diameter  was  greatly 
increased  as  compared  with  its  lateral  diameter  and  the  lower 
part  of  the  sternum  projected  forward  as  in  the  pigeon  breast 
deformity  of  human  beings.  At  the  hne  of  the  costochondral 
junctions  there  were  deep  grooves.  When  the  thorax  was  opened 
and  the  interior  examined  the  deformity  was  enormous.  The 
costochondral  junctions  and  shafts  of  the  ribs  met  at  acute 
angles,  the  apices  of  which  pointed  toward  the  vertebral  column 
and  were  not  far  from  it.  The  costochondral  junctions  themselves 
were  exceedingly  large  and  some  of  those  of  the  lower  ribs  were 
twisted  into  the  most  bizarre  shapes.  The  posterior  epiphyseo- 
diaphyseal  junctions  were  enlarged  and  appeared  Uke  so  many 
white  beads  on  either  side  of  the  spinal  column.  Many  frac- 
tures of  the  shafts  of  the  ribs  were  present,  marked  by  large  white 
callous  formations.  The  spinal  column  itself  was  bent  in  various 
curvatures.  The  wrists,  knees,  and  ankles  were  greatly  enlarged, 
as  indeed  were  the  ends  of  all  the  long  bones.  Even  the  scapulse 
were  deformed.  Fractures  of  the  tibia  marked  by  angular 
deformity  and  huge  callous  formation  were  present  in  some  of 
the  rats  at  the  junction  of  the  upper  third  with  the  lower  two-thirds. 

The  description  of  the  microscopic  changes  in  the  bones  of  the 
animals  on  this  diet  corresponds  in  its  main  features  to  the  de- 
scription already  given  of  the  microscopic  changes  in  the  rats  on 
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Ration  3133.    We  shall  limit  the  description  of  the  microscopic 
changes,  therefore,  to  a  few  observations.    The  enlargement  of 
the  ends  of  the  long  bones  was  due  to  an  increased  depth  and  prob- 
ably also  to  an  increased  breadth  in  the  epiphyseal  cartilage 
and  to  the  presence  of  an  enormous  metaphysis.     The  width  of 
the  metaphysis  was  equal  to  that  of  the  epiphyseal  cartilage; 
its  depth  was  many  times  greater.     The  groups  of  flattened 
cartilage  cells  constituting  the  columnar  zone  of  the  cartilage  were 
very  wadely  separated  from  each  other  by  hyaline  matrix.     It 
was  impossible  not  to  think  that  the  amount  of  hyaline  matrix 
throughout  the  cartilage  was  greatly  increased.     The  hyaline 
matrix  early  lost  its  power  to  take  the  hematoxylin  stain.     As 
soon  as  the  cartilage  cells  had  undergone  the  expansive  change 
fully  described  in  the  case  of  the  rats  on  Ration  3133  they  rapidly 
lost  their  normal  staining  properties  and  underwent  the  changes  of 
a  metaplastic  and  degenerative  character  already  described.     By 
far  the  greater  part  of  the  metaphysis  was  composed  of  cartilage 
or  derivatives  from  the  cartilage.    The  osteoid  trabeculse  of  the 
metaphysis  in  the  main  had  a  cartilaginous  basis;  that  is,  in  almost 
all  of  them  cartilage  cells  in  various  stages  of  degeneration  or  meta- 
plasia could  be  identified.    The  cartilage  in  every  animal  of  the 
group  was  entirely  free  from  lime  salt  deposits.    Some  irregular 
lime  salt  deposition  was  present  in  the  metaphysis  of  certain  of 
the  animals.     The  blood  vessels  which  ramified  through  the  meta- 
physis were  in  the  main  small.     The  cortex  was  thin.     It  was  com- 
posed of  bone-containing  scanty  central  cores  of  calcified  material 
and  with  broad  osteoid  borders.     The  breadth  of  the  osteoid 
borders  was  extreme.     The  bone  corpuscles  found  in  them  were 
widely  separated   from    each    other    by    quantities    of    yellow 
osteoid  material.     The  number  of  cells  per  unit  of  area  was  con- 
sequently greatly  diminished.     The  nuclei  were  long,  some  were 
spindle-shaped.     They  resembled  the  nuclei  of  connective  tissue 
cells  much  more  closely  than  those  of  bone  corpuscles.     A  fibrillar 
arrangement  of  the  osteoid  could  be  mad(^  out.     Few  osteoblasts 
or  at  least  cells  which  could  be  identific^d  as  such  could  be  found 
lining  the  osteoid  trabecul^e.     The  evidences  of  resorption  of  the 
c?alcified  portions  of  the  trabecuUe  were  slight.     The  bone  marrow 
appeared  to  be  essentially  normal  (Fig.  1). 
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Osteoid  production  was  extreme  in  the  epiphyseal  nuclei  of 
ossification.  The  large  calluses  which  were  formed  about  healing 
fractures  were  composed  entirely  of  osteoid  tissue. 

DISCUSSION. 

The  faulty  rations,  Nos.  3127  and  3133,  containing  2  per  cent 
added  calcium  carbonate,  gave  rise  to  pathological  conditions  in 
the  skeleton  essentially  identical  with  those  found  in  the  human 
subjects  of  rickets.  The  rachitic  lesions  in  the  group  of  rats  on 
Ration  3133  were  more  advanced  than  those  in  the  group  of 
animals  on  Ration  3127,  presumably  on  account  of  the  presence 
in  Ration  3133  of  0.5  per  cent  of  butter  fat.  This  small  quantity 
of  butter  fat,  while  insufficient  to  prevent  the  development  of 
xerophthalmia,  was  sufficient  to  delay  its  advent  and  to  diminish 
its  rate  of  progress.  It  increased  the  duration  of  Ufe  and  made 
possible,  presumably,  increased  growth  of  the  skeleton.  The 
small  amount  of  butter  fat  in  Ration  3133  probably  intensified  the 
rickets-producing  properties  of  the  diet  through  its  stimulating 
effect  on  growth  and  its  favorable  influence  on  the  duration  of 
life.  We  have  already  called  attention  to  the  fact  that  butter 
fat  as  compared  with  cod  Uver  oil  is  exceedingly  low  in  its  rickets- 
inhibiting  properties.* 

Ration  3143  was  derived  in  part  from  wheat  and  maize,  which 
contained  a  certain  amount  of  antixerophthalmic  substance 
(more  than  was  present  in  Ration  3133,  which  contained  0.5  per 
cent  butter  fat).  Ration  3143  further  differed  from  Rations  3127 
and  3133  in  having  a  higher  calcium-phosphate  ratio  than  either. 
It  gave  rise  to  the  most  extreme  degree  of  rickets.  The  osteoid 
production  and  the  metaplastic  and  degenerative  changes  in  the 
cartilage  exceeded  anything  ever  seen  in  the  bones  of  rachitic 
himian  beings.  We  have  repeatedly  observed  that,  if  calcium 
carbonate  in  large  quantities  (3  to  6  per  cent  of  the  total  ration) 
is  added,  to  a  ration  insufficiently  supplied  with  the  organic  factor 
and  only  slightly  or  not  at  all  deficient  in  its  content  of  phosphorus, 
most  pronounced  changes  occur  at  the  growing  ends  of  the  long 
bones.    The  cartilage  undergoes  the  degenerative  and  metaplastic 

^McCollum,  E.  v.,  Simmonds,  N.,  Shipley,  P.  G.,  and  Park,  E.  A. 
Proc.  Soc.  Exp,  Biol,  and  Med.^  1920-21,  xviii. 
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changes  already  described,  and  fails  to  take  up  calcium  phosphate 
with  any  regularity,  or  to  take  it  up  at  all.  The  trabeculse  near 
the  end  of  the  shaft  become  surrounded  with  enormous  quantities 
of  osteoid  and  great  quantities  of  osteoid  trabeculse  largely  derived 
from  the  cartilage  develop  between  the  cartilage  and  the  shaft. 
The  exaggerated  character  of  the  rachitic  lesion  brought  about  by 
Ration  3143  is  expUcable  on  the  ground  that  the  phosphate  is 
extremely  low  and  the  calcium  high  (3  per  cent  of  the  total  ration 
in  the  form  of  calcium  carbonate),  so  that  the  calcium-phosphate 
ratio  was  exceedingly  high.  The  quantity  of  the  antixeroph- 
thalmic  substance  contained  in  Ration  3143  was  sufficient  to  pre- 
vent effectually  the  development  of  xerophthalmia.  The  quantity 
of  the  antixerophthalmic  substance  contained  in  the  diet,  how- 
ever, was  insufficient  to  exert,  or  incapable  of  exerting,  any  visible 
inhibitory  influence  on  the  development  of  the  rachitic  lesions  in 
the  skeleton.  Indeed,  it  seems  not  unlikely  that  the  amount  of 
the  organic  factor  contained  in  the  wheat  and  maize  of  Ration  3143 
may  have  intensified  the  development  of  the  rachitic  changes  by 
promoting  the  growth  of  the  skeleton  and  increasing  the  duration 
of  life  of  the  animal,  as  did  the  small  amount  of  butter  fat  in 
Ration  3133. 

In  a  preUminary  communication^  Sherman  and  Pappenheimer 
described  the  production  of  rickets  in  rats  by  means  of  diets 
containing  patent  flour,  95  per  cent;  calcium  lactate,  3  per  cent; 
and  sodium  chloride,  2  per  cent,  with  and  without  the  addition  of 
0.1  per  cent  ferric  citrate.  They  also  described  the  prevention  of 
the  rickets  when  potassium  phosphate  in  amounts  equaUng  0.4 
per  cent  of  the  total  was  added.  They  also  observed  that,  when 
no  calcium  was  added  to  their  faulty  rations,  osteoporosis  instead 
of  rickets  developed.  Patent  flour  is  one  of  the  most  deficient 
foods  which  enters  into  the  human  diet,  being  exceeded  in  this 
respect  only  by  isolated  foods  such  as  starch,  sugars,  fats,  or 
polished  rice.  Bolted  flour  is  rather  poor  in  protein  and  this  is 
of  rather  poor  quality.  It  is  very  deficient  in  calcium,  phosphorus, 
sodium,  chlorine,  iron,  and  possibly  also  in  potassium.  The  only 
essential  inorganic  element  which  it  probably  contains  in  amount 
sufficient  to  meet  the  physiological  needs  of  an  animal  is  magne- 

• 
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sium.    Bolted  flour  is  also  very  deficient  in  the  antineuritic 
substance  (waternsoluble  B)  as  shown  by  experiments  on  animals 
and  by  the  frequent  occurrence  of  beri-beri  in  man  in  Labrador 
and  Newfoundland,  where  bread  from  this  source  is  a  principle 
article  of  food.     It  is  exceedingly  poor  in  fat-soluble  A,  and  in 
the  organic  antirachitic  factor.    The  lack  of  antiscorbutic  sub- 
stance in  flour  is,  we  beUeve,  a  matter  of  little  or  no  importance 
in  the  nutrition  of  the  rat,  since  this  species  is  capable  of  synthe- 
sizing this  complex.    The  ration  employed  by  Sherman  and 
Pappenheimer  was,  therefore,  deficient  in  fat-soluble  A,  water- 
soluble  B,  its  protein  content,  potassium,  phosphate,  and  water- 
soluble  C.     In  the  presence  of  so  considerable  a  number  of  defects 
in  the  ration  it  was  impossible  to  be  sure  which  were  operative  in 
the  production  of  the  disease.     In  the  light  of  our  experience  it 
seems  probable  that  their  results  should  be  interpreted  as  follows: 
The  development  of  the  rachitic  condition  in  their  animals  was ' 
due  (1)  to  a  disproportion  in  the  calcium-phosphate  ratio,  the 
calcium  being  present  in  optimal  proportion  or  in  a  proportion 
not  far  from  the  optimal  (3  per  cent  of  the  lactate  of  calcium)  and 
the  phosphorus  at  the  lowest  possible  level,  and  (2)  to  a  deficiency 
of  the  preventive  organic  substance.     When  neither  calcium  nor 
phosphate  was  added,  the  ratio  between  these  (in  the  patent  wheat 
flour)  was  more  nearly  the  optimum  than  after  the  calcium  addi- 
tion, and,  as  was  to  be  expected,  osteoporosis,  not  rickets,  de- 
veloped.   The  animals  needed  (among  other  things)  calcium  very 
badly;  yet  we  witness  here  the  apparent  paradox  that  meeting  a^ 
physiological  need  and  without  exceeding  it  (i.e.  by  adding  to 
the  diet  3  per  cent  calcium  lactate)  more  damage  of  a  particular 
kind  is  done  than  would  have  resulted  from  permitting  the  pro- 
nounced calcium  starvation  in  addition  to  the  other  deficiences? 
of  their  experimental  diet  to  continue.    Apparently  in  the  rat 
the  profound  disturbances  in  the  deposition  of  lime  salts  in  cartilage 
and  hone  and  the  changes  in  the  cells  of  those  tissues  which  give  rise 
to  the  pathological  complex  known  as  rickets  may  he  produced  by 
disturbances  in  the  diet  of  the  optimal  ratio  between  calcium  and 
phosphorus  in  the  absence  of  an  amount  of  an  organic  substance 
contained  in  cod  liver  oil  sufficient  to  prevent  them.     It  would  seem 
from  the  results  of  a  large  number  of  experiments^  which  will  be  pub- 
lished in  detail  soon,  that  in  so  far  as  calcium  and  phosphate  are  con- 
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cernedy  the  physiological  relation  in  the  diet  between  the  two  is  of 
infinziely  greater  importance  in  insuring  normal  calcification  than 
the  absolute  amount  of  the  salts  themselves. 

In  examining  the  microscopic  preparations  from  the  rats  which 
served  as  the  material  for  the  experiments  reported  in  this  paper, 
w'e  ^were  again  struck  with  the  similarity  of  behavior  of  the  cartilage 
<^U  a.nd  of  the  bone  corpuscle  under  the  abnormal  conditions  im- 
posed by  the  faulty  diets.     On  coming  into  direct  contact  with  the 
blood  vessels  the  cartilage  cell  tended  to  undergo  a  gradual  de- 
generation or  transformation  into  a  homogeneous  substance  indis- 
tinguishable except  in  its  lack  of  a  fibrillar  arrangement  from  the 
^s-teoid  zone  surrounding  the  calcified  trabeculae.     On  coming  into 
less  direct  contact  with  the  vascular  elements  the  cartilage  cell 
tended  to  revert  to  its  original  state  in  the  imdifferentiated  carti- 
lage, or  to  some  intermediary  state  of  development,  or  to  undergo 
'net.a.plasia  into  bone  corpuscles,  at  least  such  as  are  found  in  the 
osteoid,  or  into  connective  tissue.     In  the  process  of  reversion  or 
of  naetaplasia  of  the  cartilage  cell  in  which  it  underwent  a  diminu- 
^*^n  in  size,  lost  its  characteristic  staining  reaction  to  hematoxyUn, 
^^^^.,  it  surrounded  itself  with  (manufactured),  or  was  surrounded 
{^y  >  an  increased  amount  of  homogeneous  matrix,  which  remained 
from  Ume  salt  deposition.    The  bone  corpuscles  in  contact 
the  vascular  elements,  i.e.  those  of  the  osteoid  borders  of 
^^    "trabeculae,  underwent  a  diminution  in  size  and  a  change  in 
^-^^►p^e,  and  tended  to  revert,  if  they  actually  did  not  do  so,  to 
^^^xxxxective  tissue  cells.     At  the  same  time  they  surrounded  them- 
^"^^^s  with  (manufactured),  or  were  surrounded  by,  an  excessive 
j^^^^^xint  of  matrix,  which  remained  free  from  lime  salt  deposition. 
^    ^^iir  experience  whatever  the  reaction  of  the  osteoblasts  to  the 
^^^Drmal  condition  of  the  faulty  diet,  the  same  reaction  will  be 
^^^O.ifested  by  the  cartilage  cell.     The  processes  of  bone  resorption 
,       t^Tominent  in  the  skeleton  of  rats  confined  for  periods  of  some 
-*^^^tion  to  faulty  diets  low  in  calcium  seemed  to  be  held  in  abey- 
^^^  under  the  particular  abnormal  conditions  obtaining  in  these 
^^riments.     Only  sUght  evidences  of  resorptive  activity  in  the 
^^^ified  portions  of  the  trabeculae  could  be  found.    In  the  pres- 
^^^  of  the  particular  disproportion  in  the  calcium-phosphate 
-fc    ^i^  characterizing  the  faulty  diets  used  in  these  experiments 
^li  osteoblast  and  cartilage  cell  seemed  to  undergo  changes  which 
^^e  them  particularly  resistant  to  the  destructive  forces  ordi- 
^>ily  in  operation. 
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EXPLANATION  OF  PLATES. 

Platb  4« 

Figs.  1  and  2.  Photomicrographs  of  low  magnification  of  sections  from 
the  distal  end  of  the  femur  of  rats  on  the  diet  of  Lots  3143  and  3133.  The 
photomicrographs  show  the  appearance  of  bones  affected  with  a  very 
severe  rickets.  There  are  broad  zones  of  osteoid  tissue  around  the  trabec- 
ule and  the  epiphyseal  nucleus  of  ossification  and  the  diaphysis.  The 
cartilage  is  persistent  to  a  marked  degree,  forming  a  wide  metaphysia.  It 
contains  no  calcium  salts  and  is  invaded  by  blood  vessels  from  the  shaft. 
(Rats  679  and  811.  Diet  of  Lots  3143  and  3133.)  Objective— Leita  micro- 
Rummar  F-6  full  aperture.    No  ocular. 

Platb  5. 

Fig.  3.  This  picture  shows  a  condition  which  exactly  simulates  that 
found  in  mild  cases  of  rickets  in  man.  The  osteoid  borders  of  the  trabecule 
in  this  bone  are  much  narrower  than  those  of  the  bones  shown  in  Figs.  1 
and  2.  The  cartilage  is  persistent  and  irregularly  invaded.  There  is  no 
zone  of  provisional  calcification.  The  metaphysis  of  the  bone  is  narrow 
and  contains  small  scattered  deposits  of  calcium  salts.  This  picture  was 
taken  with  the  same  apparatus  used  to  photograph  Figs.  1  and  2,  (Rat 
642.    Diet  of  Lot  3127.) 

Fig.  4.  To  show  detail  of  the  growing  region  of  the  bone  in  Fig.  3.  Note 
the  absence  of  provisional  calcification  and  the  irregular  prolongation  and 
invasion  of  the  cartilage.  The  metaphysis,  which  is  narrow,  is  made  up  of 
trabecule  of  osteoid,  and  the  metaphysis  contains  irregular  deposits  of 
lime  salts.    Objective — Leitz  acromatic  No.  3.    No  ocular. 

Plate  6. 

Fig.  5.  Photomicrograph  with  the  same  apparatus  used  in  making  Fig. 
4.  This  picture  shows  the  metaphysis  in  detail  of  a  bone  affected  with 
exaggerated  rickets.  The  very  broad  metaphysis  is  composed  of  osteoid 
trabecule,  traversed  by  a  few  small  marrow  spaces,  and  blood  vessels  which 
have  sprouted  from  the  vascular  tree  of  the  diaphysis.  Much  of  this  osteoid 
tissue  was  the  product  of  metaplasia  of  the  cells  of  the  epiphyseal  cartilage, 
some  of  which  may  be  seen  embedded  in  it  in  a  condition  of  transition  into 
osteoid  corpuscles.     (Diet  of  Lot  3133.) 

Fig.  6.  High  power  photomicrograph.  This  picture  shows  calcified 
bone,  OSj  surrounded  by  a  zone  of  osteoid  tissue,  OST,  Note  the  lami- 
nation of  the  osteoid,  the  small  size  and  wide  separation  of  the  osteoid 
corpuscles  and  the  endothelioid  appearance  of  the  osteoblasts  which  sur- 
round the  trabecule,  0.  (Diet  of  Lot  3143.)  Objective — Leitz  acromatic 
No.  6.    No  ocular. 
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Plate  7. 

Fig.  7.  This  picture  shows  the  cartilage  cells  in  the  metaphysis  during 
their  transformation  into  osteoid.  In  it  the  fusion  of  the  cells  into  osteoid 
tissue  in  the  immediate  vicinity  of  an  invading  blood  vessel  is  well  shown. 
(Diet  of  Lot  3133.) 

Fig.  8.  Section  from  the  distal  end  of  the  femur  of  a  rat  (No.  819)  on 
the  diet  of  Lot  3137.  In  this  diet  2  per  cent  of  cod  liver  oil  replaced  1.5  per 
oen^  of  dextrin  and  0.5  per  cent  of  butter  fat.  This  bone  was  in  a  condition 
of  osteoporosis  with  essentially  normal  calcification.  There  is  a  provisional 
calcified  zone  and  no  metaphysis  has  been  formed.  Only  physiological 
osteoid  tissue  is  present. 
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Plates  1  to  4.        , 

(Received  for  publication,  October  11, 1921.) 

As  far  as  we  are  aware  no  investigators  have  reported  observa- 
tions on  bone  changes  produced  in  animals  by  diets  so  constituted 
as  to  cause  uncompUcated  beri-beri  or  polyneuritis. 

In  studying  the  bones  of  rats  suffering  from  polyneuritis  induced 
by  diets  deficient  in  the  water-soluble  B  we  were  surprised  to  find 
that  in  practically  all  histological  details  they  were  exactly  like 
those  of  guinea  pigs  suffering  from  uncomplicated  scurvy 
induced  by  a  diet  consisting  of  soy  })eans  (cooked)  60.0,  casein 
10.0,  wheat  germ  10.0,  maize  12.0,  NaCl  1.0,  CaCOs  2.0,  butter 
fat  3.0,  and  cod  liver  oil  2.0  (Figs.  3  to  ()).  On  this  diet,  which  is 
complete  except  for  the  absence  of  the  antiscorbutic  substance, 
guinea  pigs  developed  acute  scurvy  in  about  3  weeks.  When 
small  amounts  of  orange  juice  or  other  antiscorbutic  food  are 
added  to  it  they  remain  free  from  scurvy.  These  results  were 
so  unlooked  for  that  we  report  preliminary  observations  on 
the  bones  of  these  rats.  Further  studies  are  in  progress  to 
determine  the  limits  of  dietarv  conditions  which  can  induce 
such  changes. 

Polyneuritis  was  brought  on  in  young  rats  by  feeding  a  diet 
consisting  eissentially  of  purified  food  substances,  and  lacking 
(for  the  nutrition  of  the  rat)  only  in  the  antineuritic  substance, 
water-soluble  B.    The  food  mixture  was  constituted  as  follows: 
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Ration  S106, 

•  per  cent 

Casein 18.0 

Salt  mixture  (185) 3.7 

Agar-agar 2.0 

Dextrin 71.3 

Butter  fat. . . , 5.0 

On  this  diet  the  animals  usually  increased  in  weight  during  the 
first  3  weeks,  then  began  to  decline.  After  a  few  weeks  (40  to 
60  days)  they  usually  develop)ed  the  symptoms  characteristic  of 
beri-beri,  although  some  animals  died  without  developing  the 
acute  symptoms  of  the  disease.  (See  Chart  1,  Lot  3106  and  Figs. 
1  and  2.) 

At  autopsy  all  the  body  tissues  of  the  rats  were  atrophic. 
There  was  no  deformity  of  the  skeleton  and  no  noticeable  enlarge- 
ment of  the  extremities  of  the  bones. 

The  picture  of  these  bones  through  the  microscope  was  quite 
indistinguishable  from  that  seen  in  the  bones  of  guinea  pigs  with 
scurvy  (Figs.  3  and  4).  The  bones  were  very  osteoporotic. 
One  received  the  impression  that  all  growth  must  have  stopped. 
The  epiphyseal  cartilage  was  very  shallow  (only  4  to  5  cells  in  depth) 
and  stained  intensely  with  basic  dyes.  This  was  true  of  the  cell 
bodies  as  well  as  the  matrix.  The  cells  in  the  narrow  proliferative 
zone  were  very  much  flattened  in  the  direction  of  the  long  axis  of 
the  bones.  The  intracellular  substance  of  the  cartilage  was  very 
abundant,  and  in  the  shallow  zone  of  provisional  calcification  it 
was  heavily  infiltrated  with  lime  salts.  Here  and  there  at  in- 
tervals thick,  heavily  calcified  rods  of  intracellular  substance 
projected  from  the  medullary  border  of  the  cartilage  into  the 
marrow  cavity  which  was  elsewhere  in  contact  with  the  calcified 
provisional  zone.  Many  of  these  projecting  spicules  of  intracellular 
substance  were  rounded  off  and  were  capped  by  multinucleated 
masses  of  protoplasm  which  were  apparently  osteoclasts.  The 
cortex  of  the  shaft  was  of  fair  thickness  and  was  solid  and  com- 
pletely calcified.  The  marrow  contained  comparatively  few 
nucleated  cells  (leucocytes  and  their  predecessors).  The  blood 
vessels  of  the  medullar^'  cavity  were  crowded  with  red  blood  cells. 
In  many  places  the  vessels  had  ruptured  and  numerous  small 
and  large  hemorrhages  were  to  be  found,  especially  in  the  vicinitj'^ 
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of  the  cartilage  (Fig.  5).  In  some  bones  the  active  bone  marrow 
had  been  ahnost  entirely  replaced  by  these  hemorrhages.  Here 
and  there  at  wide  intervals  small  thick  trabeculse  or  trabecular 
renmants  were  to  be  found  scattered  through  the  hemorrhagic 
area  which  represents  the  marrow.  These  were  completely  cal- 
cified and  were  surrounded  by  an  endosteum  which  consisted  of  a 
brol^en  layer  of  osteoblasts,  and  a  fine  fibrillar  network  filled  with 
mononuclear  cells. 

The  destruction  of  the  marrow  elements  is  not  the  result  of 
hemorrhage.  The  hematopoietic  marrow  may  entirely  disappear 
before  hemorrhage  has  occurred  and  practically  no  trace  of  it 
remains  except  the  supporting  reticulum  (Fig.  7).  The  medullary 
cavity  imder  these  conditions  contains  nothing  but  a  cellular 
network  of  fine  reticular  tissue  supporting  numbers  of  thin  walled 
blood  vessels  filled  to  capacity  with  corpuscles. 

It  may  very  well  be  that  the  dilatation  and  weakening  of  the 
blood  vessels  of  the  marrow  and  their  consequent  solution  or  rup- 
ture in  the  bones  of  rats  on  the  diet  low  in  water-soluble  B  is 
analogous  to  the  condition  of  the  intestine  described  by  McCarri- 
son  (1).  It  is  quite  as  likely  that  the  vessel  wall  is  directly 
affected  by  deprivation  of  water-soluble  B  as  that  the  lesion  is 
secondary  to  an  affection  of  the  nerve  supply  to  the  medullary 
vessels.  The  condition  of  the  marrow  is  extremely  interesting 
in  the  light  of  the  findings  of  Happ,^  who  has  studied  the  blood  of 
rats  in  polyneuritis.  He  found  that  the  number  of  red  cells  and  the 
hemoglobin  percentage  was  unchanged  in  the  circulating  blood. 
His  animals  showed,  however,  a  marked  leucopenia,  with  the 
white  cells  in  one  case  as  low  as  1,800  per  c.  ram.  (the  normal  white 
count  for  the  rat  is  10,000  cells  per  c.  mm.).  There  was  also  a 
relative  reduction  in  the  number  of  polymorphonuclear  cells  and 
a  marked  shift  to  the  right  of  Arneth's  formula.  This  condition 
corresponds  to  the  blood  picture  in  human  cases  of  beri-beri  as 
reported  by  Findlay  (2).  Taken  in  conjunction  with  the  condi- 
tion of  the  bone  marrow  these  findings  can  only  indicate  a  markedly 
diminished  hematopoiesis  with  abnormal  conservation  of  the 
formed  elements  already  in  the  circulation. 

*  Happ,  W.,  personal  communication.  Dr.  Happ's  paper  on  the  blood 
of  rats  which  have  been  fed  faulty  diets  is  in  press  and  will  be  published 
ibortly. 
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Rats  were  fed  on  the  same  diet  as  the  guinea  pigs  above  de- 
scribed. Theur  growth  is  illustrated  by  the  curves  in  Chart  2. 
Their  bones  were  examined  after  they  had  been  restricted  to  this 
scorbutic  diet  for  19  and  105  days.  On  this  diet  female  rats  not 
only  grew  to  weights  of  240  gm.,  but  produced  large  litters  of 
young  (8,  10,  and  12)  and  E(Uccessfully  weaned  them.  The  young 
were  not  in  an  optimal  condition  but  grew  on  the  family  diet  for 
months  and  reached  body  weights  of  200  gm.  These  results  leave 
no  room  for  doubt  that  the  rat  can  dispense  with  waternsoluble  C 
provided  the  rest  of  the  diet  is  satisfactory. 

Examination  of  the  bones  of  these  rats  revealed  no  evidence  of 
departure  from  the  normal  in  histological  structure  (Fig.  8). 

The  studies  of  McCollimi  and  Sinmionds  some  years  ago  (3) 
showed  that  rats  may  subsist  and  grow  well  for  many  months  on 
diets  free  from  the  antiscorbutic  substance,  and  show  no  evidence 
of  developing  scurvy.  Parsons  (4)  showed  that  livers  of  rats  long 
deprived  of  the  antiscorbutic  factor  will  promptly  cure  scorbutic 
guinea  pigs.  The  prairie  dog  has  also  been  shown  to  be  capable 
of  growth  and  long  maintenance  on  a  diet  which  will  promptly 
induce  scurvy  in  guinea  pigs  (5). 

The  growth  and  state  of  nutrition  of  another  group  of  rats  re- 
stricted to  this  food  mixture  (Lot  2983,  Chart  1)  supplemented 
with  30  per  cent  of  rolled  oats  which  served  to  supply  an  abun- 
dance of  water-soluble  B  also  show  that  there  was  no  known 
defect  in  our  diet  for  the  rat  other  than  lack  of  the  dietary  factor 
responsible  for  beri-beri;  i.e.,  water-soluble  B,  Chart  1  (6).  Oats 
contain  neither  fat-soluble  A  nor  water-soluble  C  in  demonstrable 
amounts.  This  pmified  food  mixture  supplemented  with  3  per 
cent  of  wheat  germ,  or  with  an  extract  of  wheat  germ,  is  likewise 
capable  of  inducing  growth  (see  Chart  3).  A  similar  mixture  of 
purified  foodstuffs  (with  butter  fat)  and  supplemented  with  25  per 
cent  of  cooked  navy  beans  also  induces  good  growth  and  fertility 
in  the  rat  (see  Chart  4) .  It  will  be  evident,  therefore,  that  the  rats 
on  Formula  3106  were  fed  a  diet  which  was  complete  for  the  rat 
except  for  the  lack  of  antiberi-beri  substance,  water-soluble  B. 

The  bones  of  rats  fed  the  same  diet  with  30  per  cent  of  rolled 
oats  were  studied  histologically.  These  revealed  no  lesions  what- 
ever, notwithstanding  the  specific  fasting  of  these  rats  for  the 
antiscorbutic  substance,  water-soluble  C.    Tozer  (7)  claimed  in  a 
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Toot-note  to  a  paper  describing  the  lesions  in  the  bones  of  scorbutic 
guinea  pigs  that  a  deficiency  of  the  fat-soluble  A  in  the  diets  of 
these  animals  may  cause  changes  **  indistinguishable  from  those 
termed  incipient  and  definite  scurvy/'  The  bones  of  rats  on 
diets  low  in  this  substance  alone  are  osteoporotic  (Chart  1,  Lot 
2031).  They  have  no  changes  resembling  the  lesions  of  scurvy. 
The  bone  marrow  is  quite  normal  and  no  hemorrhage  or  congestion 
is  present. 

CONCLUSIONS. 

1.  Rats  fed  a  diet  complete  except  for  the  absence  of  the  anti- 
beri-beri  factor  develop  lesions  in  the  bones  which  are  essentially 
identical  with  those  seen  in  guinea  pigs  suffering  from  acute  and 
uncomplicated  scurvy.  Rats  confined  to  the  same  diet  supple- 
mented with  water-soluble  B  do  not  show  these  changes. 

2.  The  bones  of  rats  on  a  diet  which  is  only  deficient  in  the 
:atr-8oluble  A  are  osteoporotic  but  have  no  other  resemblance  to 
:he  bones  of  scorbutic  animals. 

Chart  1,  Lot  3106.  These  rats  were  restricted  to  a  diet  which  was 
idequate  in  all  respects  except  that  it  lacked  entirely  the  antineuritic 
rubstance,  water-soluble  B.  The  animals  were  unable  to  grow  because  of 
•iiis  deficiency  and  in  many  cases  developed  the  typical  symptoms  of 
iolyneuritis. 

The  bones  of  these  animals  were  not  deformed  as  in  rickets,  but  were 
kfiteoporotic  and  exhibited  characteristic  hemorrhages  under  the  micro- 
cope.  These  peculiarities  have  been  described  in  the  text  of  this  paper. 
They  were  indistinguishable  from  the  bones  of  guinea  pigs  which  were 
tififering  from  acute  scurvy. 

Liot  2983  had  a  diet  essentially  similar  in  all  its  properties  to  that  of  the 
nimals  just  described  (Lot  3106)  except  that  the  antineun'lic  substance 
"as  added  in  the  form  of  30  per  cent  of  rolled  oats.  Oats  contain  no  anti- 
corbutic  factor  and  no  demonstrable  amount  of  fat-soluble  A.  The  latter 
^ctor  was  furnished  to  both  groups  (Lots  2983  and  3106)  in  the  form  of  but- 
Br  fat.  While  the  animals  did  not  grow  at  the  maximum  rate,  nor  reach 
tie  maximum  adult  size,  they  were  fairly  well  nourished  and  were  fertile. 
*hey  destroyed  almost  all  their  young  soon  after  they  were  born. 

This  diet,  entirely  free  from  antiscorbutic  substance,  but  containing 
hie  antineuritic  factor,  induced  the  development  of  entirely  normal  bones. 
"liere  seems  to  be  no  other  interpretation  warranted  than  that  the  specific 
Cine  changes  found  in  Lot  3106  were  due  to  lack  of  water-soluble  B  in  the 
let. 

Lot  2031  is  included  here  for  the  sake  of  completeness.  It  contained  in 
l^e  rolled  oats  a  sufficient  amount  of  water-soluble  B,  as  is  shown  by  the 
Towth  and  reproduction  of  Lot  2983.    It  was  entirely  deficient  in  the 
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^uitiscorbutic  substance  and,  because  of  the  omission  of  butter  fat  from 
^e  formula,  the  diet  was  essentially  free  from  fat-soluble  A.  Since  all 
^e  evidence  supports  the  view  that  the  antiscorbutic  substance  is  dispens- 
•atble  from  the  diet  of  the  rat  the  diet  of  this  group  was  faulty  only  in  respect 
"Co  lack  of  fat-soluble  A.  The  addition  of  butter  fat  (fat-soluble  A)  makes 
^he  food  mixture  like  that  of  Lot  2983,  which  was  complete. 

Lack  of  fat-soluble  A  did  not  in  these  experiments  induce  changes  in 
'Che  bones  which  in  any  way  resembled  those  described  and  attributed  in 
'Che  rat  to  beri-beri  and  in  the  guinea  pig  to  scurvy.  The  bones  were 
osteoporotic  (8).  With  the  addition  of  butter  fat  the  diet  became  capable 
^>f  supporting  normal  bone  development. 

We  conclude  from  these  studies  that  in  the  rat  restricted  to  a  diet  of 
purified  food  substances  (free  from  all  vitamines)  the  addition  of  fat- 
soluble  A  alone  induces  bone  changes  identical  with  those  seen  in  scurvy 
in  guinea  pigs,  whereas  the  addition  of  water-soluble  B  (in  the  absence 
of  fatHSoluble  A)  induces  osteoporosis.  It  is  further  to  be  noted  in  agree- 
xnent  with  earlier  studies  that  diets  containing  satisfactory  amounts  of 
oalcium  and  phosphorus  do  not  produce  rickets  even  when  nearly  free  from 
f'at-Boluble  A  (8) . 

Chabt  2,  I^ot  3168.  These  rats  were  restricted  throughout  the  entire 
growth  period  and  later  to  a  diet  which  induces  severe  scurvy  in  the  guinea 
I>ig  within  2  to  4  weeks.  Rats  are,  however,  able  to  grow  rapidly  to  the 
full  adult  size,  exhibit  the  normal  fertility,  and  rear  their  young  with  a 
low  mortality  rate.  The  second  generation  was  able  to  grow  to  maturity 
^nd  reproduce  and  rear  young.  There  can  be  no  question  that  the  rat 
may  be  satisfactorily  nourished  without  a  supply  of  the  antiscorbutic 
substance,  water-soluble  C. 

The  histological  picture  of  bone  sections  from  these  animals  showed  the 
normal  structure. 

Chart  3,  Lot  2089.  This  diet  was  essentially  comparable  to  that  of 
l^t  3106  (Chart  1)  except  that  it  contained  water-soluble  B  derived  from 
the  alcoholic  extract  of  10  gm.  of  wheat  germ  per  100  gm.  of  ration.  This 
induced  essentially  normal  growth,  although  the  animals  remained  some- 
^'hat  undersized.  These  animals  were  produced  some  years  ago  in  our 
laboratory  and  their  bones  were  not  examined.  We  know,  however,  that 
rats  which  were  able  to  grow  as  well  as  these  did  would  have  bones  with  no 
Serious  defects. 

Lot  2088  was  fed  a  diet  of  purified  food  substances  completed  qualita- 
tively by  the  addition  of  fat-soluble  A  and  water-soluble  B  in  4  per  cent  of 
butter  fat  and  3  per  cent  of  wheat  germ  respectively.  Fair  growth  was 
possible  and  one  female  had  three  litters  of  young. 

Chart  4,  Lot  696.    These  rats  were  fed  a  diet  derived  in  great  measure 

of  purified  food  substances,  but  supplemented  with  water-soluble   B  in 

the  form  of  25  per  cent  of  cooked  navy  beans,  and  fat-soluble  A  in  5  per 

coit  of  butter  fat.    This  diet  contained  no  antiscorbutic  substance,  yet 

young  rats  were  able  to  grow  rapidly  to  full  adult  size  when  restricted  to 

it.    Even  the  second  generation  of  rats  on  this  diet  grew  fairly  well. 
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These  several  groups  of  growth  curves  of  rats  are  presented  in  order  to 
illustrate  how  effectively  a  diet  of  purified  food  substances  can  be  sup- 
plemented by  means  of  additions  which  do  not  contain  demonstrable 
amounts  of  the  antiscorbutic  substance.  They  form  a  complete  demon- 
stration of  the  fact  that  the  bone  changes  induced  in  those  rats  which 
were  selectively  fasted  for  water-soluble  B  only  were  due  to  lack  of  this 
dietary  essential. 

It  has  been  pointed  out  by  Vedder  (9),  Hess  (10),  and  others,  that  there 
are  similar  nervous  manifestations  and  pathological  changes  in  the  heart 
in  human  cases  of  scurvy  and  beri-beri.  Unfortunately,  one  cannot  place 
much  confidence  in  the  description  of  these  diseases  as  they  occur  in  man, 
for  an  examination  of  the  diets  on  which  people  develop  either  of  these 
diseases  makes  it  practically  certain  that  beri-beri  scarcely  ever  occurs 
except  in  an  individual  who  is  a  border-line  case  of  scurvy.  Scurvy  doubt- 
less has,  however,  occurred  many  times  without  complication  with  beri- 
beri. We  have  no  assurance  that  any  description  of  histological  studies 
of  any  human  tissues  were  made  on  subjects  suffering  from  one  of  these 
diseases  uncomplicated  with  the  other. 

Nevertheless  there  is  an  added  interest,  in  the  repeated  statements  of 
others  that  there  are  lesions  in  beri-beri  and  scurvy  which  are  common 
to  the  two  diseases.  Our  observations  show  that  the  histological  changes 
in  the  bones  of  rats  suffering  from  uncomplicated  beri-beri  are  apparently 
identical  with  those  seen  in  the  guinea  pig  suffering  from  uncomplicated 
scurvy. 
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p:xplanation  of  plates. 

Plate  1. 

Figs.  1  and  2.  This  rat  was  in  a  condition  of  polyneuritis  induced  by 
feeding  Diet  3106  for  70  days.  Fig.  1  shows  the  animal  rising  to  his  feet 
from  the  spread-eagle  posture  assumed  during  rest  in  a  ventral  position 
(Fig.  2).  Note  the  spasticity  and  the  extreme  extension  and  abduction  of 
all  four  extremities,  the  extension  of  the  digits,  and  the  roughness  of  the 
coat. 

Plate  2. 

Fig.  3.  Section  of  a  long  bone  from  a  guinea  pig  with  acute  scurvy. 
The  bone  is  well  calcified  throughout  but  is  extremely  osteoporotic.  The 
marrow  cavity  shows  numerous  hemorrhages.  H  —  areas  of  hemorrhage. 
Leitz  microsummar.    35  mm.  objective.    No  ocular. 

Fig.  4.  Long  bone  of  a  rat  killed  during  an  attack  of  polyneuritis. 
This  bone  was  osteoporotic  and  the  hematopoietic  marrow  was  almost 
entirely  replaced  by  hemorrhage.  H  =  areas  of  hemorrhage.  Same  mag- 
nification as  Fig.  3. 

Plate  3. 

Fig.  5.  High  power  picture  of  the  marrow  cavity  of  the  bone  shown  in 
Fig.  3  to  show  the  hemorrhagic  marrow.  H  —  areas  of  hemorrhage. 
Leitz  objective  No.  6.    No  ocular. 

Fig.  6.  To  show  the  replacement  of  the  bone  marrow  by  hemorrhages 
during  polyneuritis.    H  =  hemorrhage.    Magnification  as  in  Fig.  5. 

Plate  4. 

Fig.  7.  Bone  marrow  of  a  polyneuritic  animal  during  the  congestion 
stage  before  hemorrhage  has  occurred.  The  marrow  consists  only  of 
reticular  tissue  supporting  widely  dilated  congested  blood  vessels. 
M  =  marrow.    Same  magnification  as  in  Fig.  5. 

Fig.  8.  To  show  the  bone  of  a  rat  which  was  fed  on  the  diet  which  we 
used  to  induce  scurvy  in  our  guinea  pigs.    This  bone  is  quite  normal. 
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Cod  liver  oil,  we  have  repeatedly  observed  with  different  diets,  protects 
growing  rats  against  the  injurious  effects  of  lack  of  calcium  and  enables 
them  to  grow  and  appear  well  nourished  for  a  considerable  period,  where 
they  would  fail  to  grow  and  would  be  very  inferior  with  even  much  greater 
amounts  of  butter  fat  instead  of  the  cod  liver  oil. 

It  is  especially  remarkable  that  whereas  3  per  cent  of  butter  fat  .suffices 
when  added  to  food  mixtures  of  the  type  under  discussion  to  meet  all  the 
requirements  of  the  rat  for  fat-soluble  A  and  for  the  specific  calcium-depos- 
iting factor,  if  there  be  one,  when  the  diet  contains  favorable  concentra- 
tions of  calcium,  10  to  20  per  cent  of  butter  fat  fails  to  shield  them  in  a 
manner  at  all  comparable  with  1  per  cent  of  cod  liver  oil.  Again,  it  is 
remarkable  that  animals  specifically  fasted  for  calcium  are  protected  as 
effectively  by  1  per  cent  of  cod  liver  oil  as  by  3  per  cent  or  higher  planes 
of  intake. 

We  do  not  believe  that  our  sami)les  of  butter  fat  could  differ  in  the 
concentration  of  the  calcium-depositing  substance,  since,  as  will  be  shown 
in  later  charts,  when  the  diet  contains  calcium  in  amounts  ranging  from 
0.1  to  0.5  per  cent  of  the  carbonate,  butter  fat  becomes  adequate  to 
supply  the  nutritive  needs  of  the  body  and  the  differences  in  the  effects  of 
cod  liver  oil  and  of  butter  fat  in  the  diet  tend  to  disappear. 

Chart  3.  Lot  2821  was  fed  a  diet  essentially  comparable  to  those  dis- 
cussed in  the  preceding  charts  except  that  its  content  of  20  per  eent  of 
casein  raised  the  phosphorus  content  of  the  food  mixture.  Like  the  preced- 
ing diets  it  was  very  poor  in  calcium.  5  per  cent  of  butter  fat  did  not  suffice 
to  protect  the  animals  against  lack  of  calcium.  This  chart  should  be  com- 
pared with  Chart  4,  Lot  2822,  which  differed  significantly  only  in  containing 
2  per  cent  of  cod  liver  oil  and  3  per  cent  of  butter  fat. 

Lot  2821  was  very  poorly  nourished  and  became  badly  deformed.  The 
coats  of  these  rats  were  rough  and  thin  (see  Fig.  1)  and  they  aged  very 
early. 

Chart  4.  Lot  2822  had  a  diet  exactly  similar  to  that  of  Lot 2821  (ChartS) 
except  that  2  per  cent  of  cod  liver  oil  replaced  2  per  cent  of  butter  fat. 
This  modification  of  the  diet  made  a  remarkable  difference  in  their  growth 
and  well  being  (see  Fig.  2).  The  former  were  stunted,  infertile,  and  short 
lived.  The  latter  grew  to  full  normal  size,  presented  a  well  nourished 
appearance,  and  were  fairly  fertile,  and  succeeded  in  rearing  a  considerable 
number  of  their  young  to  the  weaning  age.  The  yonug  were  puny,  pot- 
bellied, almost  completely  stunted  in  growth,  and  died  early,  'i'he  mothers 
declined  rapidly  after  nursing  two  or  three  litters.  The  males,  while  well 
nourished  for  an  interval  following  the  completion  of  growth,  soon  pre- 
sented a  poorly  nourished  appearance  and  aged  early. 

The  effect  of  the  cod  liver  oil  was  to  make  the  animals  in  some  degree 
immune  for  a  time  to  the  injurious  effects  of  lack  of  calcium.  Even  ten 
times  as  much  butter  fat  could  not  do  this.  If  a  small  addition  of  calcium 
were  made  to  this  diet  the  butter  fat  would  supply  sufficient  of  some  organic 


( 


ceiveB  a  deposit  of  calcium  and  becomes 
true  bone.  Calcification  of  the  pre- 
oaseous  tissue  is  very  rapid  during  the 
formation  of  normal  bone,  so  that  only 
a  very  narrow  border  (1  to  11>*)  of 
osteoid  tissue  cnn  be  found  about  bone 
trabeculic    in    normal    young    animals. 


) 

destroyed  in  an  irregular  way  by  flbe^ 
rant  capillaries,  which  sprout  in  a  dit- 
orderly  fashion  from  the  parent  Tuseb 
in  the  shaft  ajid  invade  the  cartilige  it 
all  directions  (Figs.  2  and  3) .  Thus  tht 
line  of  junction  of  the  epiphysis  and  Qa 
shaft  becomes  very  irregular  and  long 
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Photomicrograph  of  nn  aroa,  corr^Bponding  to 
that  xhown  in  Fig  1,  from  a  rachitic  hcine. 
Note  llie  irrvgiilarity  of  the  cartilage  anij 
the  tonguc-liko  projivtiuna  of  thnt  tissm' 
intn  the  shaft.  The  cartilage  is  raggnJ,  is 
not  calcifli^d  and  is  invaded  by  lilwdveswls. 
Till*  traijoiMilic  nri>  trnoked  and  very  tliieb. 
anil  the  Kiiiall  :i»i'>iiiit  nf  eiilcilinl  bcini'  io^ 
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ltf;li'[>oiver  pliotomicragraph  o(  Ul*  IM- 
markpd  in  Fig.  2,  to  show  the  blaodvHMl^ 
(he) destroying  areas  of  cartilage.  lii^ 
{lii'tiire  aleo  ehoirt  the  transformatioii  nC 
i-artiliigc  cells  into  osteoid  tiaaue. 


toii<ruus  ijiid  islands  of  cartilage  areleff 
isdliiteil  in  the  metapliysis  and  diaphwij- 
.\  t  the  same  time  bone  is  not  formed  nor- 
iimlly  cither  as  regards  the  direction  o' 
the  inilH'Oiilfp,  since  there  is  no  calcific 
iLitei-R'Hitlar  substance  to  Bene  «  * 
^'uiili'  I'nr  tlie  activity  of  the  osteoblafl^ 
'■'1-  i[.'  rciTiirils  ossification,  since  calcioj" 
suit^  nrv  not  deposited  in  the  osteoid 
ti.-.-iii-  I  Ki;r.  2).  Osteoid  is  formed  in  tf- 
i'0.-<ivn  iinioiiiits.  perhaps  as  an  attempt 
nt  cTJiLLpi'n^ntiou  for  the  loss  of  strenglli 


(  1  ) 


from  bone  formed  and  calcified  before 

the  onset  of  the  disease. 

The  dietary  factors  chiefly  concerned 

n  the  prodiiction  of  the  lesions  which 

have  been  induced  in  the  bones  of  the 

animals  studied  by  as  are  calcium,  phos- 

e,  connective  tisBue  and  osteoid     phorus  and  an  orfjanic  dietary  constitu- 

sd    rachitic    raetaphysis).      All     ent  which  may  or  may  not  be  identical 


bone  from  failure  of  the  pre- 
tissne  to  calcify, 
lis  way  it  oomes  about  that  the 
:  region  of  the  bone  becomes  an 
ally  wide  area  made  up  of  blood- 
isolated  masses  and  tongiies  of 


Pio.  4. 


be  pleural  aurfoce  of  the  left  thorax 
-■chitk  rat.  This  rat  bad  a  rachitic 
nil.  The  junctione  of  the  riba  with 
cartilages  form  an  angle  reprcacnted 
Bcp  groove  on  tlie  lateral  nurface  of  the 
wall.  This  angle  fecj)  forms  two 
^ooves  on  tlte  pleural  surface  and  its 
itiridea  the  thorax  into  two  chnmbera. 


lefects,  with  the  e.xception  of  the 
of  the  provisional  zone  of  calcifi- 
are  perversions  or  exaggerations 
nal  physiolc^ical  processes  which 
all  throuirh  the  life  of  a  healthy 
AccordinfT  to  Schmorl  the  rachitic 
must  be  reparded  as  the  result 
.■erprwluction  of  pre-osseous  tissue 
fails  to  receive  a  deposit  of  lime 
nd  not  of  the  removal  of  calcium 


Bow- legs  from  a  rachitic  rat. 


with  the  anti-serophtlinlmic  faUsoluble 
A.  We  have  found  the  production  of 
jiathological  osteoid  tissue  to  follow 
the  administration  of  a  larjie  variety  of 
deficient  diets.  Rations  which  are  low  in 
calcium  alone  or  in  calcium  and  the  fat- 
solubJe  A  fail  to  furnish  the  conditions 
necessary  for  tlie  normal  genesis  of  bone 
when  the  deficiency  is  uncomplicated. 
The  bones  of  animals  maintained  on  diets 
low  in  cak-ixnn  salts  are  found  to  show  a 
characteristic  lesion,  which  has  certain 
fundamental  resemblances  to  human 
rickets,  but  differs  from  tliat  disease  as 
it  is  usually  seen  in  man  in  details  which 
have  been  reported  in  full  in  another 
publication." 


( 


Diets  which  are  deficient  only  in  the 
organic  substance  never  result  in  rickets 
but  in  s  condition  of  osteoporosis  with 
complete  calcification  of  all  bony  tissue. 
If,  however,  there  is  also  a  deficiency  of 
phosphate  from  such  a  diet,  the  calcium 
intake  being  maintained  at  approxi- 
mately the  optimal  level  for  the  ffrowth 
of  the  animal,  a  disease  is  produced 
which  has  fundamental  characteristics  in 
common  with  rickets  as  it  occurs  in  man, 
especially  with  the  lesions  of  the  so- 
called  healing  rickets.    The  condition  is 


) 

keratomalacia  (xerophthalmia) 
does.  The  bones  of  tmch  rats  ax 
oporotic.  Microscopic  examinnt 
the  bonee  of  rata  shows  that  certai 
deficient  in  both  the  lime  salts  a 
organic  substance,  but  containi 
proximately  optimal  amounts  of 
phate,  result  in  the  productiot 
lesion  closely  related  to  if  not  ic 
with    rickets.      There   is   compe: 


Pbotomicrograph  of  a  section  through  a  spon- 
taneous green-itiek  fracture  of  a  rib.  Tlio 
Bite  of  tlie  fracture  is  markiM  by  tlie  nodule 
of  cartilage  I  cart. ) ,  tlie  appearand  of 
which  precedes  tlie  furmation  of  an  oat<H)id 


marked  by  failure  of  jiroduction  of  tlip 
provisional  zone  of  calcification,  great 
overproduction  of  osteoid  tissue,  and  a 
ven'  marked  degree  of  persistence  of  the 
cartilajie  cells  in  the  shaft,  where  they 
underpo  transformation  directly  into 
osteoblasts.  They  aid  in  the  building  up 
of  osteoid  tissue  Animals  maintained  on 
such  a  diet  show  a  marked  tendency  to 
rpturn  to  norninl  niid  the  bones  show  all 
jrrades  of  triinsition  from  severe  rickets 
to  a  coiidilinu  of  osffoporosis  (Fig.  !>). 
If  diets  «hi('!i  am  low  in  the  organic 
substan<;c  mid  in  phosiphate  are  supple- 
mented with  n  coniplpte  salt  mL.\tur(> 
whirli  eOTitiiiii-^  an  ndeqiiatc  amount  of 
|i!iOj;plLntp.    rickets    never    develops    lint 


The  calciBed  portjoiu  of  the  trabem 
are  surrounded  iu  rachitic  bcmea  b 
zones  ol  osteoid  (») ;  ■ 


Overproduction  of  osteoid  which 
relation  to  absorption  of  lime  sal 
irrefTular  invasion  of  the  cartilag 
the  persistence  of  its  cells.  Tb 
liferative  cartilage  remains  unca 
a  metaphysis  is  formed  of  blood' 
ronnective  tissue  and  osteoid,  e 
cartilage  isolated  in  the  mctaph; 
the  growing  bone  (Pigs,  2,  3  and 
.\nother  type  of  diet  which  pr 
rickets  in  the  rat  may  be  represen 
the  following  formula : 

Wheat,  33.0 

Maize,  33.0 

Whe&t  gluten,  15.0 

Gelatin,  IS.O 

NaCI,  1.0 

CaCO,,  3.0 


B  diet  is  low  in  phosphate  and 
a  Tei7  email  amount  of  the 
substance.  On  the  other  hand, 
lant  amount  of  calcium  is  pres- 
le  food  (Pigs.  4,  fi,  6,  7  and  9). 
ichitic  process  is  most  severe  in 
rapidiv  growing  bones,  i  e.,  the 


tion  of  the  metaphysis.  Cod-liver  oil  is 
much  more  potent  than  butter  fat  to  in- 
duce healing  in  rachitic  bones  or  to 
protect  an  animal  against  the  disease. 
The  first  evidence  of  healing  rickets  in 
t)ie  rat,  as  in  man,  is  the  deposition  of 
calcium  in  the  proliferative  cartilage  on 


if  the  rat  from  n-liich  tJiie  rachitic  bone  was  taken  v 
in*  an  abundant  aupplj'  of  cnlctiim  s.n\U.  but  it  •lei 


^^ 


lower  end  of  the  femur  and  the 
:  end  of  the  tibia,  and  in  the 
lidly  prowing  animals, 
ig  will  occur  even  in  an  animal 
take  of  lime  salts  is  much  below 
lal  under  the  influence  of  co<l- 
,  with  the  re-formation  of  the 
lal  calcided  zone  and  calcifica- 


the  chondral  side  of  the  metaphysie 
{Fi^.  ~),  separated  by  the  width  of  the 
metaphvsis  from  the  calcified  trabeculiP 
of  the  shait.  Since  the  separation  of  this 
line  of  calcium  salts  from  the  other 
calcified  tissues  of  (he  bone  is  complete, 
inul  the  line  itself  is  so  definite,  it  has 
been    possible   to   ntilize   the   fonnalion 


(     10     ) 

of  this  deposit  as  a  test  to  determine  the  orpanic  factor,  or  of  the  la.tter  and  pW     i 

presence     of     calcium-depositing     sub-  phate.    As  we  have  said  above,  ve  cu- 

stances  in  various  natural  and  synthetit  not  now  be  certain  whether  this  omnit 

foodstuffs,  and  a  report  of  the  results  of  factor  is  identical  with  the  anti-xwoph- 

sucli  a  series  of  investigations  will  appear  thalmic  fat-solnble  A.    It  is  certun  tbit 

shortly.  an  amount  of  butter  fat  which  is  nrat 


i   /I  <  ^l^w-iNjwiT  plintoKrupli  l"  show  n  wetion 
[^  VUtV,         ..II  ilii't  uf  lot  3M]  wliiHi  U  low  in  ciil 
'     '.         imribus.   un   ap]>ri>ximatply   optiiniil 


ri.ximatply 
lihfKcnl  rartitLigv:  met.,  mflaplij'sie 


tliroii{:h  tlio  diataJ  end  of  a.  rarhitic  f«inur.    Hit 
Iriiiiii  iiix)  ill  the  organic  Bubi)tnnc4?  but  liaa,  eatai$ 
al   (ilioxpliate.     Ep,   epiphysis;     rorl,.  «pi- 
dia.,  ehaCt. 
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rlian  atlequate  to  protect  an  animal  from 
l<erati>ni!i)ac)a  will  not  alTect  the  calcifica- 
tion of  the  provisional  cnrtilaffc.  which 
Tollows  tlie  administration  of  a  very  small 
anioimt  of  cod-liver  oil.  An  inadequate 
supply  or  tlie  absence  of  calcium  from 
iln'  (lift  does  not  cause  the  appearance  of 
<i  ]>aih(i1o,irical  picture  which  corresponds 
exai'ilv  to  that  of  rickets,  a  fact  which 
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That  the  animals  receiving  cod  liver  oil  were  in  a  state  of  nutritional 
instability  notwithstanding  their  good  external  appearance  and  fertility, 
is  shown  by  the  tendency  of  the  females  to  collapse  and  die  while  nursing 
a  second  or  third  litter  of  young.  Their  skeletons  were  very  poorly  calcified 
and  when  the  animals  were  boiled  in  water  it  was  impossible  to  separate 
even  the  bones  of  the  pelvis.  The  femur  remained  intact  but  was  fre- 
quently deformed  in  second  or  third  generation  animals.  The  skuH  bones 
disintegrated  in  this  treatment. 

Succeeding  generations  tend  to  fail  on  this  diet,  but  not  as  rapidly  as 
rats  on  similar  diets  containing  butter  fat  even  in  large  amounts  (ten  to 
twenty  times  as  much  fat  as  in  the  cod  liver  oil  diets).  The  small  amount 
of  calcium  added  in  the  5  per  cent  of  milk  powder  exerted  an  observable 
effect  in  improving  the  well  being  of  these  rats.  This  is  easily  seen  by 
comparing  Lots  2732  and  2733  (Chart  2)  with  Lot  2765  (Chart  6). 

Chart  7.  Lots  2957  and  2958.  These  groups,  and  those  described  in 
later  charts,  illustrate  the  beneficial  effects  of  adding  small  amounts  of 
calcium  to  the  standard  diet  employed  in  most  of  the  experiments  here  de- 
scribed. A  comparison  of  Chart  1  with  Chart  7  shows  how  marked  is  the 
effect  in  promoting  the  vitality  of  rats  by  the  addition  of  even  0.1  to  0.2 
per  cent  of  calcium  carbonate  to  the  diet.  Lot  2957  failed  to  grow  as  well 
with  0.1  per  cent  as  did  Lot  2958  with  0.2  per  cent  addition.  The  contrast 
is  much  greater  in  the  vigor  and  capacity  to  grow  of  the  young  produced 
by  these  two  groups.  0.2  per  cent  of  calcium  carbonate  made  it  possible 
for  the  second  generation  to  develop  fairly  well  and  produce  young,  whereas 
the  addition  of  but  0.1  per  cent  did  not  enable  the  young  appreciably  to 
grow  or  to  extend  their  lives  beyond  about  60  days  after  weaning.  Both 
groups  aged  early  and  had  abnormal  forms.  They  were  short  and  stocky. 
Even  1  per  cent  of  cod  liver  oil  makes  rats  on  this  diet  develop  long,  lithe 
forms,  although  they  fail  early. 

Charts  8  and  9.  Lots  2952  ((.^hart  8)  and  2953  (Chart  9)  should  be  com- 
pared with  Chart  7.  The  diets  were  the  same  except  that  in  Chart  7  the 
fat  addition  consisted  of  8  per  cent  of  butter  fat,  whereas  in  Charts  8  and  9 
it  was  2  per  cent  of  co<l  liver  oil.  Lot  2952  had  0.1  and  Lot  2953  had  0.2  per 
cent  of  calcium  carbonate  added.  The  great  superiority  of  cod  liver  oil 
over  five  to  ten  times  as  much  butter  fat  is  easily  seen. 

The  general  appearance  of  these  animals  was  superior  to  the  animals 
fed  butter  fat.  Fertility  was  high  and  the  mortality  was  low,  although  the 
nursing  period  was  frequently  prolonged  beyond  the  normal  time.  The 
young  did  not  look  sleek  and  well  nourished  while  depending  on  the  mother, 
but  later  when  placed  on  the  family  diet  greatly  improved  in  appearance. 

Charts  10  and  11.  Lot  2959  (Chart  10)  should  be  contrasted  with  Lot 
2954  (Chart  11).  These  show  the  growth  and  fertility  of  rats  fed  the  basal 
diet  discussed  in  preceding  charts  to  which  0.3  per  cent  of  calcium  carbonate 
was  added.  In  the  former,  8  per  cent  of  butter  fat  was  added,  whereas 
2  per  cent  of  cod  liver  oil  was  added  to  the  latter.    Both  groups  grew  well, 
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In  June,  1919,  Huldschinsky*  reported  that  the  ultraviolet 
ray  exerted  a  curative  action  in  rickets.  The  criterion  on  which  he 
relied  was  the  evidences  furnished  by  the  X-ray  of  calcium  deposi- 
tion at  the  ends  of  the  long  bones.  He  found  that  there  were 
definite  signs  of  calcium  deposition  after  four  weeks  of  treatment 
and  that  at  the  end  of  eight  weeks  healing  was  almost  complete. 
In  May,  1920,  Huldschinsky '  again  reported  the  curative  effects 
of  treatment  with  the  ultraviolet  ray  in  rickets  in  a  series  of  thirty 
children,  aged  between  one  and  one  half  and  six  and  one  half 
years,  who  exhibited  all  clinical  manifestations  of  the  disease.  In 
all,  healing  was  accomplished  after  twenty-two  to  twenty-six 
treatments  covering  a  period  of  two  months.  In  April,  1920, 
Putzig*  corroborated  the  findings  of  Huldschinsky.  He  obtained 
cures  by  means  of  the  quartz  lamp  in  premature  infants  suffering 
from  rickets.  In  July,  1920,  Riedel  *  further  confirmed  Huld- 
schinsky's  findings  in  a  series  of  one  hundred  children  suffering  from 
rickets.  In  June,  1921,  Hess^  confirmed  Huldschinsky's  findings 
in  a  series  of  six  cases. 

The  favorable  influence  of  sunlight  in  rickets  has  been  recog- 
nized by  some  students  of  the  disease  for  a  long  time,  notably  by 

'Huldschinsky,  K.,  DetUsch.  Wchnschr.,  1919.  xlv,  71a. 

*  Huldschinsky,  K.,  Zischr.f.  orthop.  Chir.,  1920.  Izxxiz,  426. 
'Putzig,  H.,  TherapHo,  Wmonatschr.^  1920,  viii,  234. 

*  Riedel,  G.,  Mttnchen.  med.  Wchnschr.,  1920,  Ixvil.  838. 

'Hess,  A.  E.,  and  Unger,  L.  J.,  Am.  J.  Dis.  Child.,  1921,  xdi.  z86. 
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Palm'  (1890),  and  experimental  evidence  of  its  beneficial  effect 
on  mineral  metabolism  in  the  puppy  has  been  furnished  by  Rac- 
zynsky*  in  191 2.  Huldschinsky  made  use  of  sunlight  together 
with  the  ultraviolet  ray  in  two  cases  of  his  series  and  Riedel  relied 
on  treatment  with  sunlight  in  some  of  his  cases,  supplementing 
with  the  quartz  lamp  ray  only  on  sunless  days.  Hess  ^  was  the 
first,  so  far  as  we  are  aware,  to  demonstrate,  by  means  of  the 
radiograph,  that  sunlight  alone  exerts  the  same  curative  action 
as  the  ultraviolet  ray.  All  the  investigations  which  have  been 
made  up  to  the  present  time  in  regard  to  the  curative  effects  of 
both  the  ultraviolet  ray  and  sunlight  in  rickets  have  been  made  on 
human  subjects  of  the  disease  and  all  the  evidence  has  been  fur- 
nished by  means  of  the  radiograph.  In  order  to  satisfy  ourselves 
concerning  the  action  of  light  in  rickets  as  well  as  actually  to  see 
the  changes  produced  in  the  bones  we  performed  the  following 
experiments. 

Eighteen  rats  about  six  weeks  old  and  weighing  between  forty 
and  fifty  grams  were  placed  on  diet  3,143  which,  as  previous  ex- 
perience*  has  shown,  produces  rickets  comparable  in  every  re- 
spect to  the  rickets  manifesting  itself  in  human  beings.  The  ration 
has  the  following  composition  : 

Wheat 33-0% 

Maize 33.0 

Gelatin 15.0 

Wheat  gluten 15.0 

NaCl 1.0 

CaCOi 3.0 

It  contains  nearly  twice  the  optimal  content  of  calcium,  and  is 
decidedly  below  the  optimum  in  its  content  of  phosphorus  and  in 
fat  soluble  A.     Otherwise,  it  is  well  constituted. 

Twelve  rats  placed  upon  this  diet  were  sent  to  New  Haven, 
there  to  be  exposed  to  sunlight.  The  remaining  six  rats  were 
retained  in  Baltimore  to  be  kept  as  control  animals  under  ordinary 
laboratory  conditions  in  a  large,  well-ventilated  room  completely 

•Palm,  T.  A..  The  Practitioner,  1890,  xlv,  270-279  and  321-342. 

^  Raczynski.  J..  Compt.  rend,  de  V Association  IntemationaU  De  Pidiairie,  Paris, 

1913.  P«  308. 

•Hess,  A.  F.,  and  Unger,  L.  J.,  J.  A.  M.  A.,  1921,  Izzvii,  39. 

•  McCollum,  E.  v.,  Simmonds,  Nina,  Shipley.  P.  G.,  and  Park,  E.  A.  J,  Biol- 
Chem.,  192 1,  zlvii,  507. 
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screened  with  windows  of  ordinary  glass.  The  animals  treated 
with  the  sunlight  were  divided  into  two  groups  and  placed  in 
fairly  large  wire  mesh  cages.  Each  clear  day  the  cages  were 
carried  out  of  doors  and  placed  in  the  sunlight.  At  first,  the 
weather  being  warm,  the  rats  were  exposed  to  the  sunlight  for  two 
short  periods  of  twenty  minutes  each.  Soon,  however,  the  periods 
were  lengthened  to  six  or  even  more  hours.  During  the  experi- 
mental period,  which  covered  between  sixty-two  and  sixty-seven 
days,  the  rats  were  exposed  to  the  sunlight  on  every  day  except 
nine.  The  total  exposure  to  sunlight  during  the  experimental 
period  varied  between  two  hundred  and  forty-two  and  two  hundred 
and  seventy-three  hours.  The  average  daily  exposure  was  four 
hours. 

When  first  exposed  to  sunlight,  the  albinos  developed  con- 
junctivitis; the  ears  of  all,  in  particular  the  albinos,  began  to 
peel;  the  skin  of  the  tails  became  sunburned  and  rough;  the  hair 
of  some  of  the  albinos  acquired  a  yellowish  tint.  Long  before  the 
experiments  were  completed  it  became  evident  that  the  animals 
treated  with  sunlight  were  not  developing  rickets.  Though  they 
did  not  grow  normally,  they  remained  extremely  active,  climbing 
and  darting  about  the  cages.  Toward  the  end  of  the  experiments 
the  males  became  sexually  active;  one  of  the  females  became 
pregnant. 

The  control  rats,  killed  at  the  expiration  of  two  months,  showed 
all  the  gross  and  microscopic  evidences  of  rickets,  the  characteristic 
deformities  of  the  thorax,  enlargement  and  distortion  of  the 
costochondral  junctions,  fractures  of  the  shafts,  enlargements  at 
the  wrists,  ankles  and  knees,  and  the  ends  of  all  the  long  bones. 
The  bones  cut  with  diminished  resistance.  On  section  a  deep 
rachitic  metaphysis  entirely  free  from  calcium  was  exposed.  Into 
it  the  proliferative  cartilage  extended  in  irregular  prolongations. 
The  trabeculae  were  surrounded  with  broad  zones  of  osteoid. 

The  rats  exposed  to  the  sunlight,  on  the  other  hand,  showed 
none  of  the  evidences  of  rickets.  The  thorax  was  not  deformed; 
the  costochondral  junctions  were  normal.  There  were  no  frac- 
tures of  the  ribs.  The  ends  of  the  long  bones  were  not  enlarged. 
The  long  bones  cut  with  great  resistance.  On  microscopic  ex- 
amination the  cartilage  was  normal.    The  proliferative  zone  was 
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completely  calcified.  The  trabeculae  were  completely  calcified. 
The  condition  found  was  normal  except  that  both  microscopically 
and  grossly  the  bone  was  more  delicate  than  in  the  rat  of  corre- 
sponding age  reared  on  satisfactory  diets.  Though  the  sunshine 
completely  prevented  the  development  of  rickets,  it  did  not  entirely 
compensate  for  the  deficiency  of  phosphorus  in  the  diet,  either  as 
regards  the  growth  and  development  of  the  rat  as  a  whole  or  of  the 
skeleton. 

There  were  some  noteworthy  findings  outside  the  skeleton.  An 
abundance  of  fat  was  present.  In  the  control  rats  the  fat  was 
scant.  The  thymus  was  only  partially  involuted.  In  the  control 
rats  it  was  con^>letely  involuted.    The  spleen  was  not  enlarged. 

Discussion. 
Sunlight  effectually  prevents  the  development  of  rickets  in  the 
rat.  We  have  already  shown  ,^  as  has  also  Pappenheimer,  that 
cod-liver  oil  prevents  the  development  of  rickets  in  the  rat.  As 
nearly  as  we  can  judge  from  the  radiographs  furnished  by  Huld- 
schinsky  and  others  the  mode  of  healing  at  the  cartilage-shaft 
junction  induced  by  the  ultraviolet  ray  (sunlight)  is  exactly 
analogous  to  that  which  occurs  after  the  administration  of  cod- 
liver  oil,  as  determined  by  Rowland  and  Park.*  The  time  rela- 
tions are  also  similar.  Huldschinsky  found  that  the  ultraviolet 
ray  produced  definite  evidences  of  healing  at  the  end  of  four  weeks» 
and  at  the  end  of  two  months  almost  complete  healing.  Howland 
and  Park  found  that  cod-liver  oil  first  gave  rise  to  evidences  of 
healing  at  the  junctions  of  the  cartilage  and  shaft  of  the  long  bones 
three  weeks  after  the  administration  was  begun  and  that  at  the 
end  of  about  two  months  the  calcification  of  the  diseased  ends  of 
the  shafts  seemed  to  be  complete.  Moreover,  as  the  result  of 
the  gross  and  histological  examinations  made  on  the  rats  fed  the 
rickets-producing  diet  3,143  but  exposed  to  sunlight  it  is  possible 
to  say  that  the  changes  produced  by  sunlight  in  the  skeleton  do 

not  differ  in  any  important  respect  from  the  changes  produced 

^^—-—^ —  ■■■■  ■■      -  -  -     -- 

^Shipley.  P.  G.,  Park,  E.  A.,  McCollum.  E.  V.,  and  Simmonck,  Nina.  Proc. 
Soc.  ExpBR.  Biol,  and  Mbd.,  zviii,  227, 1921. 

'Rowland.  J.,  and  Park,  £.  A.,  Arch,  Pidiai.,  1920.  zvzvii.  411. 

HofvHand*  J.,  and  Ptfk.  E.  A.,  BmiL  Johns  Hopkins  Hasp.,  November,  1981.  (To 
be  publisbedj 


Prevention  of  Rickets  in  Rats  by  Sunlight.  5 

when  the  animals  are  kept  in  room  light  but  on  a  diet  supplemented 
by  cod-liver  oil.  Cod-liver  oil  contains  something  which  is 
essential  for  optimal  cellular  function.  Light  also  contains  some- 
thing which  is  essential  for  optimal  cellular  function.  Cod-liver 
oil  or  light  when  made  available  to  an  organism  previously  de- 
prived of  either  permits  the  organism  to  put  into  successful  opera- 
tion adaptations  or  defense  mechanisms  which  otherwise  would 
have  been  ineffectual.  Neither  cod-liver  oil  nor  light  meets  the 
defects  in  the  composition  of  the  diet  directly  by  supplying  to 
the  body  either  calcium  or  phosphorus  but  meets  them  indirectly 
by  so  raising  the  potential  of  cellular  activity  as  to  secure  the 
most  efficient  utilization  possible  of  those  substances  available 
in  the  body  which  are  directly  or  indirectly  concerned  with  ossifica- 
tion and  calcification. 
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low  intake  of  this  element  there  is  a  correspondingly  high  requirement  of 
the  substance  which  we  have  spoken  of  as  the  calcium-depositing  factor, 
but  which  is  more  than  this.  It  exerts  a  distinct  influence  on  the  anatomic 
elements  of  the  growing  bone  and  enables  the  osteoblasts  to  form  approxi- 
mately the  optimal  amount  of  osteoid  tissue.  It  leads  to  the  deposition 
of  calcium  phosphate  in  a  degree  which  is  not  possible  in  its  absence  when 
the  calcium  content  of  the  diet  is  very  low.  It  improves  the  general  well 
being  of  the  animals. 

The  most  important  point  brought  out  by  the  records  in  this  chart  is 
that  when  0.5  per  cent  of  calcium  carbonate  was  added  to  the  diet,  which 
still  contained  only  about  half  the  optimal  content  of  calcium,  even  so  small 
an  amount  of  butter  fat  as  3  per  cent  sufficed  to  enable  the  animals  to  grow 
in  a  normal  manner  and  to  exhibit  normal  vitality  as  shown  in  fertility 
and  success  in  rearing  young.  The  second  generation  was  somewhat 
undersized  but  was  fertile. 

This  chart  should  be  compared  with  Chart  1 .  Lot  2934  had  nearly  seven 
times  the  content  of  butter  fat  which  was  consumed  by  Lot  2899,  yet  in 
the  absence  of  a  calcium  supply  exceeding  that  furnished  by  a  cereal  and 
legume  seed  mixture  they  were  not  protected  by  this  high  butter  fat  intake. 
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EXPLANATION  OF  PLATE  1. 

Fig.  1  shows  the  appearance  of  a  rat  which  was  restricted  to  Diet  2821 
(Chart  3).  This  diet  was  faulty  in  that  its  calcium  content  was  too  low 
and  the  phosphorus  near  the  optimal.  The  fat  in  the  diet  consiBted  of 
5  per  cent  of  butter  fat.  Note  the  poor  coat  and  general  appearance  of 
inferior  development.  This  picture  should  be  contrasted  with  Fig.  2,  which 
had  the  same  diet  but  with  2  per  cent  of  cod  liver  oil  and  3  per  cent  of  butter 
fat. 

Fio.  2.  This  rat  from  Lot  2822  was  the  same  age  as  that  shown  in  Fig. 
1,  and  was  confined  to  its  experimenal  diet  for  the  same  number  of  days 
(155).  Its  diet  differed  from  that  shown  in  Fig.  1  only  in  that  2  per  eent  of 
cod  liver  oil  replaced  2  per  cent  of  butter  fat.  Note  the  superior  dev^op- 
ment,  the  good  coat,  and  general  appearance  of  physical  well  being  brought 
about  by  the  small  amount  of  cod  liver  oiL 
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Cod  liver  oil,  we  have  repeatedly  observed  with  different  diets,  protects 
growing  rats  against  the  injurious  effects  of  lack  of  calcium  and  enables 
them  to  grow  and  appear  well  nourished  for  a  considerable  period,  where 
they  would  fail  to  grow  and  would  be  very  inferior  with  even  much  greater 
amounts  of  butter  fat  instead  of  the  cod  liver  oil. 

It  is  especially  remarkable  that  whereas  3  per  cent  of  butter  fat  suffices 
when  added  to  food  mixtures  of  the  type  under  discussion  to  meet  all  the 
requirements  of  the  rat  for  fat-soluble  A  and  for  the  specific  calcium-depos- 
iting factor,  if  there  be  one,  when  the  diet  contains  favorable  concentra- 
tions of  calcium,  10  to  20  per  cent  of  butter  fat  fails  to  shield  them  in  a 
manner  at  all  comparable  with  1  per  cent  of  cod  liver  oil.    Again,  it  is 
remarkable  that  animals  specifically  fasted  for  calcium  are  protected  83 
effectively  by  1  per  cent  of  cod  liver  oil  as  by  3  per  cent  or  higher  planes 
of  intake. 

We  do  not  believe  that  our  samples  of  butter  fat  could  differ  in  the 
concentration  of  the  calcium-depositing  substance,  since,  as  will  be  shown 
in  later  charts,  when  the  diet  contains  calcium  in  amounts  ranging  from 
O.l  to  0.5  per  cent  of  the  carbonate,  butter  fat  becomes  adequate  to 
supply  the  nutritive  needs  of  the  body  and  the  differences  in  the  effects  of 
cod  liver  oil  and  of  butter  fat  in  the  diet  tend  to  disappear. 

Chart  3.  Lot  2821  was  fed  a  diet  essentially  comparable  to  those  dis- 
cussed in  the  preceding  charts  except  that  its  content  of  20  per  sent  of 
casein  raised  the  phosphorus  content  of  the  food  mixture.  Like  the  preced- 
ing diets  it  was  very  poor  in  calcium.  5  per  cent  of  butter  fat  did  not  suffice 
^  protect  the  animals  against  lack  of  calcium.  This  chart  should  be  com- 
pared with  Chart  4,  Lot  2822,  which  differed  significantly  only  in  containing 
2  per  cent  of  cod  liver  oil  and  3  per  cent  of  butter  fat. 

Lot  2821  was  very  poorly  nourished  and  became  badly  deformed.  The 
coats  of  these  rats  were  rough  and  thin  (see  Fig.  1)  and  they  aged  very 

•ly. 


Chart  4.  Lot  2822  had  a  diet  exactly  similar  to  that  of  Lot2821  (ChartS) 
except  that  2  per  cent  of  cod  liver  oil  replaced  2  per  cent  of  butter  fat. 
This  modification  of  the  diet  made  a  remarkable  difference  in  their  growth 
and  well  being  (see  Fig.  2).    The  former  were  stunted,  infertile,  and  short 
lived.     The  latter  grew  to  full  normal  size,  presented  a  well  nourished 
appearance,  and  were  fairly  fertile,  and  succeeded  in  rearing  a  considerable 
number  of  their  young  to  the  weaning  age.    The  young  were  puny,  pot- 
bellied, almost  completely  stunted  in  growth,  and  died  early.    The  mothers 
declined  rapidly  after  nursing  two  or  three  litters,     "^rhc  males,  while  well 
nourished  for  an  interval  following  the  completion  of  growth,  soon  prs- 
sented  a  poorly  nourished  appearance  and  aged  early. 

The  effect  of  the  cod  liver  oil  was  to  make  the  animals  in  some  degree 
immune  for  a  time  to  the  injurious  effects  of  lack  of  calcium.  Even  ten 
times  as  much  butter  fat  could  not  do  this.  If  a  small  addition  of  calcium 
were  made  to  this  diet  the  butter  fat  would  supply  sufficient  of  some  organie 


which  without  it  would  have  been  ineffectual.     It  does  not  meet 
defects  in  the  inorganic  conijxjsition  of  the  diet  directly  by  suppl; 
to  the  body  either  calcium  or  phosphorus/  but  meets  them  indircr 
by  so  raising  the  potential  of  the  cell  as  to  secure  the  most  effici 
utilization  possible  of  those  substances  availaUe  in  the  body  which 
directly  or  indirectly  concerned  with  ossification  and  calcification, 
seems  to  bring  about  normal  ossification  and  calcification  or  else 
closest   approximation   to   normal   ossification   and   calcification  co- 
patiblc  with  the  marked  variations  from  the  optinial  in  the  amounts 
certain  of  the  inorganic  constituents  of  the  diet.    It  does  not 
the  inorganic  metabolism  of  the  body  but  permits  the  body's  o^ 
regulatory    mechanisms    to    oj^erate    with    increased    efficiency    ai 
economy. 

Hie  mechanism  by  which  cod  liver  oil  exerts  this  influence  on  tl 
{)rocesses  of  ossification  and  calcification  we  shall  not  attempt  to  discuscSJ!^ 

If  we  are  correct  in  the  interpretation  of  our  experiments  bearii 
on  this  p(.)int — which  we  might  add  have  thus  far  been  concerned  chi( 
with  variations  in  the  calcium-phosphorus  ratio  in  the  diet,  and  are  m 
sufficiently  comprehensive  to  permit  the  formulation  of  absolute  coi 
elusions — we  believe  that   the  theory  regarding  the   function  of  tl 
active  principle  contained   in  cod   liver  oil  and  in  other  substam 
is  of  considerable  significance.     In  the  first  place,  the  theory,  if  coi 
rect,   indicates  that  a  substance  possessing  properties  comparable  ti 
those  ordinarily  ascribed  to  the  secretions  of  the  ductless  glands  am 
as  essential  as  any  of  them  to  normal  growth  and  development  exists- 
r)utsidethc  body  and  must  be  obtained  by  the  body  through  the  food 
In  the  second  place,  the  theory  opens  the  door  to  a  better  understand- 
ing of  the  nature  of  rickets  and  allied  diseases  or  affections  of  th^^ 
skeleton.     When  the  diet  is  deficient  in  the  organic  substance,  defects^ 
in  its  salt  composition  are  permitted  to  extend  their  injurious  influence 
to  the  cartilage  and  the  bone.    In  other  words,  when  faults  in  the  salt 
composition  of  the  diet  of  a  nature  favorable  to  the  development  of 
rickets,  osteomalacia  or  anosteogenic  osteoporosis  happen  to  be  present, 
the  deficiency  in  the  diet  of  the  substance  permits  them  to  develop. 
Viewed  in  this  light  rickets  is  a  dietary  disease  due  to  a  faulty  com-        ^  ^^  /j 
ix)siti()n,  probably  of  a  specific  nature  of  its  mineral  elements  and  an 
insufficiency  of  the  organic  substance. 


1.  In  cod  liver  oil  there  is  a  trace  of  phosphorus. 


We  believe  that  the  theory  in  regard  to  the  function  of  the  orgariic 
faczr-^or,  as  exemplified  by  cod  liver  oil,  explains  the  conflicting  results 
of  experiments  performed  by  Mellanby,  Sherman  and  Pappenheimer, 
He^s^s,  and  ourselves.  It  makes  it  possible  to  understand  how  the  with- 
drsi.  ^%wal  of  the  organic  factor  from  the  diet  may  or  may  not  be  followed 
l>y  t  lie  development  of  rickets  according  as  the  composition  of  the  min- 
ora. 1  portion  of  the  diet  is  favorable  or  unfavorable  for  that  develop- 
"^^x^t.  It  also  makes  it  possible  to  understand  how  cod  liver  oil  unaided 
^^l^^xi  added  to  the  diet  may  prevent  the  development  of  rickets  or  heal 
^    ricrkets  already  established. 

DISCUSSION 

I.>ii.  Hkss:     Dr.  Park  speaks  of  the  organic   factor.     Evidently  he  does  not 

^" **•»"*  "t    to  label  it  as  identical  with  the  fat-soluble  vitamin.     I  do  not  l>elieve  that 

^"^      fat-soluble  vitamin  can  be  considered  the  antirachitic    factor  as   stated  by 

.  *  *^^ll^nby  and  the-British  Research  Committee.    1  have  taken  this  position  because 

'*      is      evident  that   infants    receiving   large   amounts   of   fat-soluble   vitamin   do 

'le-v^lop  rickets.     Furthermore,  it  is  very  questionable  whether  rickets  is  to  be 

^Ofis  leered   as  purely  a   dietetic  deficiency  disease.     There   may   be   a  potential 

Jiefi cioncy.     In  other  words  the  diet  may  contain   sufficient  chemical  substances 

"^^    tliev  mav  be  so  interrelated  that  thev  do  not  l)enefit  the  body.     I  should  like 

^^    a  sic  Dr.  Park  whether  he  draws  a  distinction  between  the  fat-soluble  vitamin 

^'^^^    tfie  organic  factor  or  whether  he  thinks  the  fat-soluble  vitamin  is  the  organic 

^^^o»".     My  experience   with    infants    during   the   last  year   has   confirmed   the 

J^'^^'^ion  expressed  a  year  ago.     The  experiments  on  rats  of  McCann,  Pappen- 

■y^'rn^j.  aiifi  myself  indicate  that  there  is  an  organic  factor  that  has  to  do  with 

*^    Osteogenesis  of  bone.     In  an  absence  of  the  fat-soluble  vitamin  rickets  did 

-  ^*    ^lovelop  but  there  was  a  lack  of  osteogenesis.    Rats  were  fed  a  diet  adequate 

^1^     ov<?Ty  way  except  that  it  did  not   include  the  fat  soluble   vitamin  and  they 

^^^^€>ped  an  irregular  osteogenesis  but  not  rickets.     When  fat-soluble  vitamin 

w  **     ^dded  there  was  growth  and  cure  of  the  eye  condition   ( xerophthalmia). 

^•^^     in  agreement  with  Dr.  Park  that  an  organic  factor  plays  a  role  but  it  is 

"^Hfj  fat-soluble  vitamin. 

*      should  like  to  ask  Dr.   Park  whether  be  believes  that  animals  or  infants 
^to  without  this  organic  factor  or  whether  he  considers  it  as  merely  rcgula- 
•     "whether  if  the  diet  is  complete  in  other  respects  infants  can  do  without 
^f  this  organic  matter. 

^^|.^     ^^^-   Chapin  :     I   am  quite  unable  to  discuss   this  paper  from   the  etiologic 
t|-^^*^ical  standpoint  but  I  should  like  to  speak   from  the  clinical  standpoint.     I 
r^-^         *^  there  may  be  a  deficiency  in  the  food  hut  it  is  the  bad  hvRienc  that  supple- 
st I  ^^^"^s  it.     That  has  been  called  to  my  attention  on  the  lower  East  Side  where 
t5**       ^^st  all  Italians  have  rickets.    They  have  conic  in  and  taken  the  rear  tenements. 
l>^     '^^  the  Iri.sh  came  in  years  ago  and  took  those  rear  tenements,  but  now  they 
li-^      ^'  become  our  policemen  and  aldermen  and  arc  our  rulers,  and  the   Italians 
T-^      •^  taken  these  old  tenements.     Now  the  Italian  babies  nearly  all  have  rickets. 
T-^     *  ^  true  they  have  dietetic  errors  but  that  is  only  part  of  it.     Rickets  is  very 
tl-|_/^  in  Italy  where  the  climate  is  mild  and  there  is  plenty  of  light  and  sunshine. 
tV^^^gh  they  have  the  same  errors  of  diet  there  as  here.    That  leads  me  to  believe 
'^    while  the   diet  is  partly  responsible,   there  is  something  else  which   is  not 
^^unted  for  by  the  dietetic  deficiency. 
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gubstance  intimately  associated  with  the  development  of  the  osseoas 
system,  and  the  animals  would  develop  normally.  In  order  to  dififeraitiate 
between  the  nutritive  value  of  cod  liver  oil  and  of  butter  fat  in  a  qualttaixne 
way  it  must  be  administered  with  a  diet  poor  in  calcium,  for  with  an  ade- 
quate supply  of  calcium  and  phosphorus  in  the  food  either  serves  equally 
well  to  supplement  such  diets  as  are  here  discussed. 

Chart  5.  Lot  2766.  This  and  succeeding  groups  of  experimental  animals 
illustrate  the  comp^ative  value  of  cod  liver  oil  and  of  butter  fat  in  the 
presence  of  suboptimal  amounts  of  calcium,  where  the  phosphorus  content 
of  the  diet  is  near  the  optimum.  A  small  amount  of  calcium  (0.045  gm.) 
was  added  in  the  5  per  cent  of  milk  powder  but  this  was  too  small  to  con- 
tribute much  to  the  well  being  of  the  animals. 

These  records  should  be  compared  with  those  of  Chart  6  (Lot  2765), 
whose  diet  was  almost  identical  except  that  it  contained  1  per  cent  of  cod 
liver  oil  instead  of  10  per  cent  of  butter  fat.  The  rats  were  protected  in  a 
remarkable  way  against  the  effects  of  lack  of  calcium  by  this  small  amount 
of  cod  liver  oil.  10  per  cent  of  butter  fat  with  this  diet  afforded  some  pro- 
tection, but  although  this  amount  is  at  least  three  times  that  required  to 
meet  all  the  needs  of  the  rat  for  protection  against  ophthalmia  and  to 
enable  it  to  develop  a  normal  skeleton  when  the  diet  contains  the  optimal 
amount  of  calcium,  it  fails  to  supply  enough  of  some  substance  intimately 
concerned  with  bone  formation  when  the  caldum  intake  is  low.  These 
results  point  to  the  existence  of  a  specific  calcium-depositing  substance 
distinct  from  fat-soluble  A  (antixerophthalmic  substance). 

On  this  diet  the  animals  grew  slowly  but  never  attained  the  full  adult 
size.  The  females  were  capable  of  producing  several  litters  each  but  the 
infant  mortality  was  high  and  they  early  developed  signs  of  senility.  The 
second  generation  confined  to  this  food  supply  was  greatly  stunted  and 
inferior.  Their  forms  were  very  short  and  stocky.  They  had  large  depos- 
its of  body  fat. 

Chart  6.  Lot  2765  should  be  contrasted  with  Lot  2766  (Chart  5).  The 
significant  difference  in  the  composition  of  the  diets  of  these  two  groups  was 
in  the  nature  of  the  fats  which  they  contained.  Both  diets  were  far  below 
the  optimal  in  their  content  of  calcium,  but  were  otherwise  well  constituted. 
1  per  cent  of  cod  liver  oil  very  effectively  protected  these  animals  against 
the  harmful  effects  of  calcium  starvation  because  of  its  content  of  some 
organic  substance  which  appears  to  be  distinct  from  that  substance  (fat- 
soluble  A)  which  is  essential  for  growth  and  is  a  specific  agent  in  preventing 
ophthalmia  of  dietary  origin.  The  protection  afforded  by  the  cod  liver  oil 
is  not  complete.  It  consists  in  enabling  growth  to  proceed  and  causes  the 
animals  to  appear  externally  to  be  well  nourished.  This  is  very  apparent 
when  we  contrast  the  animals  described  in  Chart  5,  which  had  the  same 
diet  with  10  per  cent  of  butter  fat,  with  those  in  Chart  6,  which  had  1  per 
cent  of  cod  liver  oil.  This  contrast  we  have  repeatedly  observed  in  rats 
fed  other  diets  low  in  calcium  where  fat-soluble  A  was  in  one  case  supplied 
by  cod  liver  oil  and  in  the  other  by  butter  fat. 
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historical:    light    in    the    cure   of   rickets 

AND     tetany 

In  1904,  Buchholz  ^  published  a  paper  on  the  treat- 
ment by  means  of  hght  of  rickets  and  certain  other  dis- 
eases occurring  in  children.  He  used  the  "Gliihlicht" 
(Kellogg)  which,  he  stated,  was  poor  in  chemically 
active  rays.  The  heat  rays  were  in  part  absorbed  by  a 
special  kind  of  glass  filter  interposed  between  lamp  and 
patient.  He  considered  that  the  action  of  the  lamp 
depended  in  part  on  the  heat  rays,  in  part  on  the  light 
rays.  Whatever  the  exact  composition  of  the  light  may 
have  been,  Buchholz  reported  favorable  results  from 
its  use  in  rickets.  Altogether  he  treated  with  it  sixteen 
rachitic  children.  They  all  showed  general  improve- 
ment. They  ate  and  slept  better ;  they  became  more 
active  and  began  to  walk.  Sweating  of  the  head 
decreased,  and  their  backs  became  straight.  The 
work  of  Buchholz  seems  to  have  commanded  little,  if 
any,  attention. 

*  Read  before  the  American  Child  Hygiene  Association  at  the  Twelfth 
Annual  Meeting  at  New   Haven,  Conn.,  Nov.   2-5,   1921. 

1.  Buchholz,  E.:  Ueber  Lichtbehandlung  der  Rachitis  und  anderer 
Kinderkrankheiten,  Verhandlnnpen  der  Gesellschaft  ftir  Kinderheilkunde 
in  der  Abteilung  fur  Kinderheilkunde  der  76  Versammlung  der  G?scll- 
schaft   Dcutscher   Naturforscher  und   Aerzte   in    Breslau,   21:116.    1904. 


The  fact  that  the  development  of  the  healing  process 
in  the  bones  of  rachitic  children  could  be  traced  by 
means  of  the  roentgen  ray  has  been  understood  in  Ger- 
many for  a  number  of  years.  In  1910,  in  an  atlas 
devoted  to  rickets  Fraenkel  and  Lorey  ^  published  roent- 
genograms of  the  bones  of  rachitic  children  to  illustrate 
all  stages  of  healing  and  of  healing  and  relapse.  Under 
these  circumstances  it  is  remarkable  that  the  roentgen 
ray  was  not  earlier  employed  to  detect  the  therapeutic 
effects  of  drugs  and  other  forms  of  treatment  in 
diseases  affecting  the  skeleton.  Phemister,'  in  this 
country,  applied  the  method  to  the  study  of  the  effects 
of  phosphorus  on  growth  and  ossification  in  health  and 
disease  (1918),  and  to  its  use  Huldschinsky  owed  the 
success  of  his  efforts  in  demonstrating  that  the  light 
emitted  by  the  mercury  vapor  quartz  lamp  exerts  a 
curative  action  in  rickets. 

In  a  preliminary  communication,  which  appeared  in 
June,  1919,  Huldschinsky  *  reported  that  the  ultra- 
violet ray  exerted  a  curative  action  in  rickets.  His 
material  consisted  of  four  children,  aged  between  214 
and  414  years,  who  had  advanced  rickets.  Three 
rachitic  children,  untreated  with  the  quartz  lamp, 
served  as  control  subjects.  After  four  weeks  of  treat- 
ment, calcium  deposition  at  the  ends  of  the  long  bones 
of  the  extremities  could  be  demonstrated  in  roent- 
genograms, and  at  the  end  of  two  months  the  healing 
process  seemed  to  be  almost  complete.  Huldschinsky 
complicated  the  interpretation  of  the  results  of  the 
experiments  by  the  daily  administration  of  1  gm.  of 
calcium  phosphate.  Since,  however,  the  rachitic  chil- 
dren who  were  not  irradiated  failed  to  show  any  evi- 
dence of  calcium  deposition  in  the  skeleton  as  the  result 
of  the  calcium  phosphate  administration,  Huldschinsky 
concluded  that  the  beneficial  effects  were  to  be  attrib- 
uted entirely  to  the  ultraviolet  ray. 

In  December,  1918,  Winkler  ^  reported  the  favorable 
eflfects  of  treatment  of  rickets  with  the  roentgen  ray. 
He  used  a  medium  soft  tube  at  a  focal  distance  of  about 

2.  Fraenkel,  E.,  and  Lorey,  A.:  Archiv  und  Atlas  der  normalen  und 
pathologischen  Anatomic  in  typischen  Rontgenbild,  Hamburg.  Lucas 
Grafe  and  Sillem,   1910. 

3.  Phemistcr,  D.  B.:  The  Effect  of  Phosphorus  on  Growing.  Normal 
and  Diseased  Bones,   T.  A.   M.   A.    70:  1737   (June  8)    1918. 

4.  Huldschinsky.  K. :  Heilung  von  Rachitis  durch  kunstliche  Hohen- 
Sonne,  Deutsch.  med.  VVchnschr.  45:712,   1919. 

5.  Winkler,  F.:  Ueber  die  Strahlungstherapie  dcr  Rachitis, 
Monatschr.   f.  Kinderh.   15:520  (Dec.)   1918. 
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20  cm.  The  exposure  did  not  exceed  ninety  seconds, 
and  was  repeated  every  other  day.  The  treatment  was 
at  first  directed  against  the  craniotabetic  lesions  of  the 
head.  After  five  or  six  treatments,  Winkler  observed 
that  the  sweating  of  the  head  came  to  an  end  and  sleep 
was  improved.  As  the  treatment  progressed,  laryngo- 
spasm  and  the  "tendency  to  convulsions"  disappeared. 
The  craniotabes  vanished.  The  teeth  erupted.  Bulg- 
ings  of  the  costochondral  junctions  disappeared.  Cal- 
cium deposition  occurred  at  the  ends  of  the  radius  and 
ulna,  as  was  plainly  evident  in  the  roentgenograms. 
Winkler's  work  seems  to  have  been  done  without 
knowledge  of  the  work  of  Huldschinsky. 

In  April,  1920,  Putzig®  corroborated  the  findings  of 
Huldschinsky.  He  does  not  state  the  number  of 
rachitic  children  treated  by  means  of  the  quartz  lamp, 
but  observes  that  he  eflfected  cures  through  its  use  in 
premature  infants  suffering  from  rickets.  In  the  same 
month,  Huldschinsky's  findings  received  further  con- 
firmation from  Karger.^ 

In  May,  1920,  Huldschinsky  ®  reported  the  results  of 
more  extensive  investigations  of  the  effects  of  the 
ultraviolet  ray  in  rickets.  His  material  had  now  been 
increased  to  thirty  children.  He  administered  calcium 
phosphate  or  calcium  chlorid  to  twenty  of  the  children, 
but  to  ten  did  not  give  calcium  in  any  form.  In  some 
of  the  thirty  children  treated  the  rickets  was  recent,  in 
others  of  long  standing;  the  ages  of  the  children  varied 
between  IV^  and  6V^  years.  In  all,  healing  was  accom- 
plished in  from  twenty-two  to  twenty-six  treatments 
covering  a  period  of  two  months.  As  the  result  of  his 
further  investigations,  Huldschinsky  concluded  that 
there  could  be  no  longer  any  doubt  that  the  ultraviolet 
ray  exerted  a  specific  therapeutic  influence  in  rickets. 

In  July,  1920,  Riedel  ^  further  confirmed  Huld- 
schinsky's  findings  in  a  series  of  100  rachitic  children. 

In  September,  1920,  Sachs  ^^  reported  that  treatment 
with  the  ultraviolet  ray  cured  latent  tetany.     His  evi- 

6.  PutziR,  H. :  Die  Behandlung  der  Rachitis  mit  kunstlicher  Hohen- 
Sonne,  Therap.  Halbmonatschr.  8:234   (ApriH    1920. 

7.  Karger,  P.:  Zur  Kenntniss  der  zerebralen  Rachitis,  Monatschr.  f. 
Kinderh.    18:21,    1920. 

8.  Huldschinsky,  K.:  Die  Behandlung  der  Rachitis  durch  Ultra* 
violettbestrahlung,   Ztschr.   f.  Orthop.  Chir.  89:426   (May)    1920. 

9.  Riedel,  G. :  Die  Erfolge  der  Quartzlichtbestrahlung  bei  Rachitis, 
Munchen.  tned.   Wchnschr.  67:838  (July)    1920. 

10.  Sachs,  F.:  Untersuchungen  iiber  den  Einfluss  des  Ultraviolett- 
lichtes  auf  die  latente  Sauglingstetanie,  Jahrb.  f.  Kinderh.  93:  167 
tSept.)    1920. 


dence  consisted  in  the  disappearance  under  treatment 
of  the  mechanical  and  electrical  excitability  of  the 
peripheral  nerves.  His  conclusions  were  based  on  the 
result  of  treatment  in  seven  cases.  No  medication  was 
given. 

In  the  same  month  Huldschinsky  '^  reported  cures 
of  manifest  tetany  by  means  of  irradiation  with  the 
quartz  lamp.    No  medication  was  given.    After  the  first 
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appiication  of  the  rays,  the  manifest  symptoms  disap- 
peared. In  no  case  did  the  laryngeal  stridor  or  the 
convulsions  recur.  The  latent  symptoms,  i,  e.,  the 
Chvostek  and  the  characteristic  electrical  reactions,  dis- 
appeared within  four  days  in  one  case,  but  lingered  in 
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the  other  cases  for  from  two  to  four  weeks.  By  this 
time  the  number  of  rachitic  children  cured  by  Huld- 
schinsky  through  the  use  of  the  quartz  lamp  had  risen 
to  105.  • 

In  August,  1921,  Sachs  ^^  reported  the  cure  of  eight 
children  having  severe  tetany,  by  means  of  the  ultra- 
violet ray. 

In  May,  1921,  Erlacher  ^^  reported  the  cure  of  rickets 
in  forty-two  cases  by  means  of  treatment  with  the 
ultraviolet  ray.  The  subjects  varied  in  age  from  1  to  7 
years,  and  presented  all  the  symptoms  and  were  in  all 
stages  of  the  disease.  The  number  of  treatments  neces- 
sary to  effect  a  cure  varied  between  forty  and  sixty. 
Marked  general  improvement  was  noted  coincidently 
with  the  healing  of  the  rickets. 

In  June,  1921,  Mengert  ^*  announced  the  successful 
use  of  the  quartz  lamp  as  a  prophylaxis  against  rickets. 
His  work,  which  is  not  impressive,  consisted  in  the 
treatment  with  the  quartz  lamp  of  eighteen  infants, 
aged  between  1  and  2  months.  One  infant  was  2yo 
months  old.  Ten  were  premature.  Some  died  from 
intercurrent  disease  before  the  prophylactic  treatment 
was  complete.  No  one  of  the  children  treated  devel- 
oped rickets  as  determined  by  the  roentgen  ray. 

In  January,  1921,  Hess  and  Unger  ^°  reported  the 
cure  of  rickets  in  six  children  by  means  of  the  ultra- 
violet ray.  They  conceived  of  the  possibility  of  the 
curative  action  of  the  ultraviolet  ray  in  rickets  in  1917 
and  actually  treated  with  it  at  that  time  six  children. 
Unfortunately,  however,  they  failed  to  discover  that 
the  tenement  was  valuable.  They  did  not  use  roent- 
genographic  evidence  of  healing  at  the  ends  of  the 
long  bones  of  the  extremities,  which  was  objective  and 
measureable.  In  1920  they  first  described  these  experi- 
ments performed  in  1917: 

Infants  in  glass  cubicles  were  not  spared  more  than  those 
in  the  regular  wards.  W^ith  this  question  in  mind,  in  the 
spring  of  1917  five  children  were  given  daily  treatments  of 

12.  Sachs,  F.:  Die  Heilung  der  Sauglingstetanie  durch  Bcstrahlung 
mit   Ultraviolettlicht,    Miinchcn.    mcd.   Wchnschr.   68:985    (Aug.)    1921. 

13.  Erlacher,  P.:  Ueber  Heilerfolge  bei  Rachitis  nach  Quarzlichtbe- 
strahlung.  Wicn.  klin.  Wchnschr.  34:241    (May)    1921. 

14.  Mengert,  E. :  Uebcr  vorbeugende  Hohensonnenbestrahlung  g^gen 
Rachitis.  Deutsch.  med.   Wchnschr.  47:675   (June)    1921. 

15.  Hess,  A.  F.,  and  Ungcr,  L.  J.:  The  Clinical  Role  of  the  Fat- 
Soluble  Vitamin:  Its  Relation  to  Rickets,  J.  A.  M.  A.  74:217  (Jan. 
24)  1920. 


violet  ray,  the  mercury  vapor  quartz  lamp  being  used  for 
this  purpose.  Their  entire  bodies  were  exposed  for  tvifenty 
minutes,  so  that  they  soon  became  brown,  as  if  well  tanned 
by  the  sun.    This  therapy,  which  was  carried  out  with  regu- 


larity for  three  months  in  infants  about  1  year  of  age,  ' 
not  lead  to  a  definite  improvement  in  the  rickets,  nor  did 
benefit  their  general  condition,     Violet  ray  cannot  be  ci 


sidered  the  equivalent  of  heliotherapy.  But  the  fact  that 
rickets  is  exceptional  in  the  arctic  region,  where  there  is  a 
lack  of  sunlight  for  the  greater  part  of  the  year,  is  a  strong 
argument  against  its  predominant  influence. 

Moist,  foggy  climates  were  regarded  by  Glisson  ^®  as 
an  etiologic  factor  in  the  production  of  rickets  in  chil- 
dren. 

The  true  value  of  sunlight  as  a  therapeutic  agent  in 
rickets  was  set  forth  by  Palm  ^^  in  1890  as  the  result  of 
a  noteworthy  topographic  study  of  the  incidence  of  the 
disease.  We  quote  the  remarkable  recommendations 
for  the  eradication  of  rickets  from  the  community 
which  form  the  conclusion  of  his  article: 

In  conclusion,  as  practical  results  of  this  inquiry,  I  would 
urge  the  following: 

1.  The  establishment  of  means  for  having  systematic  and 
exact  records  of  the  sunshine  in  the  heart  of  our  great  cities 
as  well  as  at  favorite  health  resorts.  A  sunshine  recorder  at 
an  observatory  on  some  hilltop  near  a  large  city  is  no  guide 

*  to  the  amount  of  sunshine  that  reaches  the  streets  and  alleys 
of  smoky  cities.    It  is  important  that  the  sunshine  recorder  be 

y  of  the  form  which  indicates  the  chemical  activity  of  the  sun's 
rays  rather  than  its  heat. 

2.  The  removal  of  rachitic  children  as  early  as  possible 
from  large  towns  to  a  locality  where  sunshine  abounds  and 
the  air  is  dry  and  bracing. 

3.  The  establishment  of  a  sanatorium  for  poor  rickety  chil- 
dren in  some  such  locality,  where  the  severe  development  of  the 
disease  may  be  averted,  and  much  life  and  health  saved  by 
timely  treatment. 

4.  The  systematic  use  of  sun-baths  as  a  preventive  and 
therapeutic  measure  in  rickets  and  other  diseases. 

5.  That  when  a  mother  has  once  borne  a  child  which  has 
become  rachitic,  preventive  treatment  of  the  disease  in  her 
future  children  should  be  adopted  if  possible  by  change  of 
climate  and  mode  of  life  in  the  mother,  nothing  urged  above 
being  inconsistent  with  the  belief  that  the  mother's  state  of 
health  brought  about  by  the  same  causes  predisposes  her  off- 
spring to  rickets. 

6.  The  education  of  the  public  to  the  appreciation  of  sun- 
shine as  a  means  of  health.  Many  persons  seem  to  prefer 
darkness  to  light  in  their  dwellings  out  of  ignorance,  thought- 
lessness, or  even  an  economic  regard  for  carpets  and  curtains. 
Let  people  understand  that  sunlight  in  the  dwelling  not  only 

16.  Glisson,  F. :    De  rachitide,  London,   1650. 

17.  Palm,  T.  A.:  The  Geographical  Distribution  and  Aetiology  of 
Rickets.  Practitioner,  London  46:271  and  321,   1890. 
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reveals  unsuspected  dirt,  but  is  Nature's  universal  disinfectant, 
as  well  as  a  stimulant  and  tonic.  Such  knowledge  will  also 
stimulate  effons  for  the  abatement  of  smoke,  and  for  the 
multiplication  of  open  spaces,  especially  as  playgrotmds  for 
the  children  of  the  poor. 

Experimental  evidence  for  the  favorable  action  of 
sunlight  on  the  mineral  metabolism  was  furnished  by 
Raczynski  "  in  1912.  On  account  of  its  importance, 
we    quote    Raczynski 's    brief    communication    in    its 

entirety; 
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s  investigations  which  have  had  as  their 
ti  of  the  etiology  of  rickets,  but  there 
)ne  which  consists  in  an  experimental  inquiry  into 
n  of  the  sun  in  that  disease. 
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That  the  animals  receiving  cod  liver  oil  were  in  a  state  of  nutritional 
instability  notwithstanding  their  good  external  appearance  and  fertility, 
is  shown  by  the  tendency  of  the  females  to  collapse  and  die  while  nursing 
a  second  or  third  litter  of  young.  Their  skeletons  were  very  poorly  calcified 
and  when  the  animals  were  boiled  in  water  it  was  impossible  to  separate 
even  the  bones  of  the  pelvis.  The  femur  remained  intact  but  was  fre- 
quently deformed  in  second  or  third  generation  animals.  The  skuH  bones 
disintegrated  in  this  treatment. 

Succeeding  generations  tend  to  fail  on  this  diet,  but  not  as  rapidly  as 
rats  on  similar  diets  containing  butter  fat  even  in  large  amounts  (ten  to 
twenty  times  as  much  fat  as  in  the  cod  liver  oil  diets).  The  small  amount 
of  calcium  added  in  the  5  per  cent  of  milk  powder  exerted  an  observable 
effect  in  improving  the  well  being  of  these  rats.  This  is  easily  seen  by 
comparing  Lots  2732  and  2733  (Chart  2)  with  Lot  2765  (Chart  6). 

Chart  7.  Lots  2957  and  2958.  These  groups,  and  those  described  in 
later  charts,  illustrate  the  beneficial  effects  of  adding  small  amounts  of 
calcium  to  the  standard  diet  employed  in  most  of  the  experiments  here  de- 
scribed. A  comparison  of  Chart  1  with  Chart  7  shows  how  marked  is  the 
effect  in  promoting  the  vitality  of  rats  by  the  addition  of  even  0.1  to  0.2 
per  cent  of  calcium  carbonate  to  the  diet.  Lot  2957  failed  to  grow  as  well 
with  0.1  per  cent  as  did  Lot  2958  with  0.2  per  cent  addition.  The  contrast 
is  much  greater  in  the  vigor  and  capacity  to  grow  of  the  young  produced 
by  these  two  groups.  0.2  per  cent  of  calcium  carbonate  made  it  possible 
for  the  second  generation  to  develop  fairly  well  and  produce  young,  whereas 
the  addition  of  but  0.1  per  cent  did  not  enable  the  young  appreciably  to 
grow  or  to  extend  their  lives  beyond  about  60  days  after  weaning.  Both 
groups  aged  early  and  had  abnormal  forms.  They  were  short  and  stocky. 
Even  1  per  cent  of  cod  liver  oil  makes  rats  on  this  diet  develop  long,  lithe 
forms,  although  they  fail  early. 

Charts  8  and  9.  Lots  2952  (Chart  8)  and  2953  (Chart  9)  should  be  com- 
pared with  Chart  7.  The  diets  were  the  same  except  that  in  Chart  7  the 
fat  addition  consisted  of  8  per  cent  of  butter  fat,  whereas  in  Charts  8  and  9 
it  was  2  per  cent  of  cod  liver  oil.  Lot  2952  had  0.1  and  Lot  2953  had  0.2  per 
cent  of  calcium  carbonate  added.  The  great  superiority  of  cod  liver  oil 
over  five  to  ten  times  as  much  butter  fat  is  easily  seen. 

The  general  appearance  of  these  animals  was  superior  to  the  animals 
fed  butter  fat.  Fertility  was  high  and  the  mortality  was  low,  although  the 
nursing  period  was  frequently  prolonged  beyond  the  normal  time.  The 
young  did  not  look  sleek  and  well  nourished  while  depending  on  the  mother, 
but  later  when  placed  on  the  family  diet  greatly  improved  in  appearance. 

Charts  10  and  11.  Lot  2959  (Chart  10)  should  be  contrasted  with  Lot 
2964  (Chart  11).  These  show  the  growth  and  fertility  of  rats  fed  the  basal 
diet  discussed  in  preceding  charts  to  which  0.3  per  cent  of  calcium  carbonate 
was  added.  In  the  former,  8  per  cent  of  butter  fat  was  added,  whereas 
2  per  cent  of  cod  liver  oil  was  added  to  the  latter.    Both  groups  grew  well. 
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lay  and  Watson/*  on  the  etiology  of  rickets,  Neve  *® 
called  attention  to  the  fact  that  rickets  was  exceedingly 
rare  in  Srinagar  (India),  where  infants  live  under 
the  worst  conditions  of  hygiene  and  diet,  but  where 
sunlight,  to  which  they  are  almost  constantly  exposed, 
abounds.  He  stated  that  the  only  case  of  rickets  which 
he  had  seen  there  was  in  an  English  child.  A  cure 
took  place  when  the  gloomy  house  in  which  the  patient 
lived  was  exchanged  for  one  which  was  well  lighted 
by  the  sun. 

The  favorable  effect  of  sunlight  in  rickets  as  deter- 
mined by  clinical  observation  has  been  recently  empha- 
sized by  Feer.^^  He  called  attention  to  the  marked 
benefit  which  accrued  in  rickets  from  exposure  to  the 
sun's  rays  in  the  Swiss  Alps.  He  made  reference  to 
the  excellent  results  which  had  been  obtained  in  the 
treatment  of  rickets  with  sunlight  during  the  past  ten 
years  at  the  Zurich  Sanatorium,  and  also  to  the 
investigation  of  Neumann  ^^  in  1909  in  regard  to  the 
incidence  of  rickets  and  tetany  in  the  Swiss  Alps. 
Neumann  had  pointed  out  the  great  rarity  of  both 
rickets  and  tetany  in  Arosa,  1,740  meters  (5,709  feet) 
above  the  sea  level,  and  its  frequency  at  Davos,  at  an 
altitude  of  1,560  meters  (4,285  feet)  and  only  four 
and  one-half  hours  distant.  At  Arosa  the  children 
lived  for  a  large  part  of  the  time  outdoors;  but  in 
Davos  they  lived  largely  indoors  under  the  crowded 
conditions  which  are  found  generally  in  cities. 

Huldschinsky  made  use  of  sunlight  together  with  the 
ultraviolet  ray  in  two  cases  of  his  series,  and  Riedel 
relied  on  treatment  with  sunlight  in  some  of  his  cases, 
supplementing  with  the  quartz  lamp  only  on  sunless 
days. 

Hess  and  Unger  ^^  were  the  first,  so  far  as  we  are 
aware,  to  demonstrate  by  means  of  the  roentgen  ray 
that  sunlight  alone  possesses  the  same  curative  action 
as  the  light  of  the  quartz  lamp  in  the  rickets  of  human 
beings.  They  state  that  they  exposed  five  infants  with 
rickets  to  the  direct  action  of  sunlight  for  periods  vary- 
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ing  from  one-half  hour  to  several  hours  daily,  when- 
ever the  sunlight  was  available.  Different  parts  of  the 
body  were  in  turn  subjected  to  the  action  of  the  sun's 
rays.     In  one  of  the  cases  the  patient  was  exposed  to 


the  sunlight  only  on  seven  occasions  for  n  total  period 
of  twenty-five  hours.  The  general  condition  of  the 
infants,  as  well  as  ihe  diseased  condition  in  the  bones. 


/ 

luf^k^ 

/     \    ^ 

V              "       V^                    5 

^^^^i 

I      J^^s^Nt 

4  :::£>"    "X 

-i  ^ 

4   -^Sl- 

.,    A\          I 

\     >-.^\\        \ 

T^K        I 

\    \"*S^       A;^ 

"■"■5° 35° 23°     V  '^         1 

C     '*4^ 

1          .      «s,  ^"^      2 

•  3     !  {^  „  1           *^V^ 

1  lillifliifl                    v,^. 

K^s  as^sssss 

.ni-.   ihe   development   of 

.ilready  shown,  as  has  also 

■  I  nil  prevents  the  develop- 

\.-.  nearly  as  we  can  judge 

lurnisiied  by  Huldschinsky 

luMting  at  the  cartilage-shaft 

luavLolet  ray  (or  sunlight)  is 

ii.il    which    occurs    after    the 

T  nil,  as  determined  by  How- 

t!Tif  relations  are  also  similar. 

ihf  ultraviolet  ray  produced 

iiij;  ;it  ilie  end  of  four  weeks, 

111I1-.  almost  complete  heahng. 

■  I  thai  cod  liver  oil  first  gave 

■  t;  :ti  thL'  junctions  of  the  car- 
n;  iioncs  three  weeks  after  the 

■  1  ind  that  at  the  end  of  about 
,11  lit  the  diseased  ends  of  the 
■Kii-  Moreover,  as  the  result 
■li    (.-xa  mi  nations  made  on  the 

"(■iiig  diet,  3143,  but  exposed 

in  ,ay  that  the  changes  pro- 
l^'-Ieion  do  not  differ  in  any 
1  ■  iliangcs  produced  when  the 
■I  light  hut  on  a  diet  supple- 
plied  to  rats  living  in  room 
1  with  calcium  but  deficient 
i[i  fai-soluble  A  (and  pos- 
lirings  about  an  improvement 
'Ztncral.     If  the  defects  in  the 
1(1  preclude  the  possibility  of 
■ill.   cod    liver   oil   promotes 
!Meiii  and  the  storage  of  fat: 

■  ni  tht;  hair  and  stimulates 
I  .duciive  power.  The  rat 
ii|irosiniates  more  nearly  the 
n-  tliat  cod  liver  oil  does  not 

lis  eflfect  on  the  calcifica- 
-ncictun  is  merely  the  manifes- 
single  tissue. 

k.  R.  A. :  Some  Obscrvatiani  on  Rickrls, 
Tkc  Kadiognphic  Evidrncc  of  the  Influ- 
cti.  Ball.  Johni  Hopkin*  Hoip.  331  JI4, 


16 

What  we  have  just  said  in  regard  to  cod  liver  oil, 
we  may  say,  apparently  with  equal  truth,  in  regard  to 
sunlight.  Sunlight,  when  supplied  to  the  rats  living  on 
diets  defective  in  their  salt  composition,  as  specified 
above,  and  in  a  factor  or  factors  present  in  cod  liver 
oil,  brings  about  a  general  improvement  in  the  condi- 
tion of  the  animal.  It  promotes  growth,  muscular 
development,  the  accumulation  of  fat,  the  growth  of 
the  hair,  sexual  activity,  and  reproductive  power.  The 
rat  becomes  active,  eats  more  food,  and  approximates 
closer  the  healthy  animal.  It  has  been  no  accident  that 
sunlight  has  been  found  to  exert  a  favorable  effect  in 
tuberculosis,  in  anemia,  in  the  condition  commonly 
referred  to  as  the  "exudative  diathesis,"  in  the  treat- 
ment of  surgical  wounds  and  burns.  Light  cannot  be 
thought  of,  any  more  than  can  cod  liver  oil,  as  acting 
on  the  skeleton  alone.  Though  the  deposition  of  lime 
salts  which  it  causes  affords  a  most  striking,  visible  and 
measurable  evidence  of  its  action  on  the  skeleton,  its 
favorable  influence  there  is  probably  not  greater  than 
its  favorable  influence  elsewhere. 

The  experiments  that  we  have  reported  have  a  bio- 
logic significance  which  extends  far  beyond  the  cure 
of  rickets.  Cod  liver  oil  contains  and  light  embodies 
something  which  is  essential  for  optimal  cellular  func- 
tion. Cod  liver  oil,  or  light,  when  made  available  to  an 
animal  previously  deprived  of  them,  permits  the  organ- 
ism to  put  into  successful  operation  mechanisms  which 
otherwise  would  have  been  ineffectual.  Neither  cod 
liver  oil  nor  light  meets  the  defect  in  the  composition 
of  the  diet  directly  by  supplying  to  the  body  either  cal- 
cium or  phosphorus.  Both  must  meet  them  indirectly, 
in  a  manner  at  present  unknown,  by  so  activating  or 
altering  the  processes  of  the  body  as  to  secure  a  more 
efficient  utilization  of  those  substances  which  are 
directly  or  indirectly  concerned  with  ossification  and 
calcification.  We  do  not  believe  that  the  diversity  of 
favorable  effects  obtained  from  the  therapeutic  use  of 
cod  liver  oil  or  of  light  can  be  explained  in  any  other 
way  than  on  the  theory  that  by  improving  the  efficiency 
of  the  organism  it  enables  the  organism  to  work  with 
increased  economy  and  to  deal  successfully  with  the 
exigencies  of  its  environment. 
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Our  experiments  indicate  that  diets  which  are  defec- 
tive at  room  light  or  in  darkness  may  cease  to  be  defec- 
tive in  the  presence  of  active  light  rays,  and,  conversely, 
that  diets  which  are  satisfactory  in  the  sunlight  may 
become  unsatisfactory  at  room  light  or  in  darkness. 
It  would  seem  that  diets  which  suffice  for  the  main- 
tenance of  optimal  health  during  a  life  in  darkness  may 
supply  an  amount  of  dietary  factors  unnecessary  for 
an  individual  who  is  irradiated  by  sunlight.  From  this 
point  of  view  it  becomes  necessary  to  think  of  certain 
factors  which  can  be  taken  into  the  body  in  the  food  as 
being  able  to  compensate  for  deprivation  of  light,  and 
of  light  as  being  able  to  compensate  for  the  deprivation 
of  certain  dietary  factors.  The  experiments  suggest, 
therefore,  that  throughout  the  animal  and  perhaps  also 
the  vegetable  kingdom  there  may  be  balances  between 
the  amounts  of  active  light  required  and  the  amounts 
of  certain  food  essentials  requisite  for  the  maintenance 
of  health.  Under  the  abnormal  conditions  imposed  on 
animals  by  domestication  or  on  man  by  civilization,  it 
may  be  necessary  to  supply  more  light  to  replace  the 
lack  of  certain  dietary  essentials  or  to  increase  the  latter 
to  compensate  for  deprivation  of  light.  For  example, 
the  negro,  because  of  his  heavily  pigmented  skin 
absorbing  light  less  readily  than  the  white  man.  may 
require  more  light  or,  not  receiving  it,  more  of  the 
corresponding  factor  or  factors  in  the  food,  in  order  to 
maintain  an  optimal  condition  of  health  (e.  g.,  to  pre- 
vent the  development  of  rickets).  The  available  supply 
of  light  must  be  considered  in  the  future  in  planning 
diets  for  prisoners,  miners  and  all  other  individuals 
who  are  deprived  of  their  exposure  to  light  by  occu- 
pation or  other  circumstances. 

Our  experiments  indicate  in  a  broader  sense  that 
just  as  we  live  in  an  atmosphere  of  air  and  breathe  air. 
so  we  live  in  a  medium  of  light  and,  so  to  speak,  breathe 
light.  That  is,  light,  like  air.  is  absorbed  and  in  some 
way  influences  cellular  function. 

While  one  group  of  students  of  rickets  has  been 
groping  for  proof  that  the  cause  of  the  disease  lay  in 
physical  conditions,  another  group  has  been  too  intent 
on  the  proofs  of  the  curative  properties  of  a  dietary 
factor  contained  in  cod  liver  oil  for  the  proper  consid- 
eration of  other  possibilities.  Two  factors,  to  all 
external  appearances  of  a  totally  different  nature,  one 
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contained  in  cod  liver  oil  and  the  other  in  Hght,  are 
operative  in  the  prevention  and  cure  of  rickets.  This 
fact  explains,  in  part  at  least,  the  confusion  that  has 
arisen  concerning  the  etiology  of  the  disease. 

We  do  not  regard  the  etiology  of  rickets  as  a  solved 
problem.  We  do  not  doubt,  however,  that  the  demon- 
stration of  the  curative  action  of  light  in  rickets  is  a 
substantial  step  toward  the  complete  understanding  of 
the  cause  of  this  disease.  Experiments  with  rats  by 
Sherman  and  Pappenheimer  ^®  and  ourselves  ^^  have 
shown  that,  in  the  absence  of  certain  light  rays  and  of 
a  factor  or  factors  contained  in  cod  liver  oil,  a  disease 
indistinguishable  from  the  rickets  of  human  beings 
may  be  produced  through  a  deficiency  of  phosphates  in 
the  diet.  Rickets  so  produced  may  be  cured  by  cod 
liver  oil  or  prevented  by  certain  light  rays.  We  have 
also  shown  that  in  rats  fed  on  a  diet  in  which  the  phos- 
phate ion  is  sufficiently  abundant,  rickets  does  not 
develop  even  in  the  absence  of  certain  light  rays  and  of 
a  factor  or  factors  contained  in  cod  liver  oil. 

Thus,  experimentation  with  the  rat  makes  it  appear 
that  deficiencies  in  light  or  in  a  factor  or  factors  con- 
tained in  cod  liver  oil  do  not  cause  rickets  but  rather* 
permit  defects  in  the  inorganic  composition  of  the  diet 
to  become  effective.  The  disease  is  chiefly  the  expres- 
sion in  the  skeleton  of  the  disturbance  of  the  inor- 
ganic metabolism  in  question.  Our  experiments  have 
indicated  that  the  function  of  light  and  of  a  factor  or 
factors  contained  in  cod  liver  oil,  so  far  as  rickets  is 
concerned,  is  to  exert  a  regulatory  influence  over  the 
mineral  metabolism  of  the  body  having  to  do  with  ossi- 
fication and  calcification.  When  the  body  is  deprived 
of  the  regulatory  action  of  certain  light  rays  and  of  a 
factor  or  factors  contained  in  cod  liver  oil,  such  dis- 
turbances in  the  inorganic  metabolism  of  the  body  are 
permitted  to  develop. 

As  a  result  of  these  experiments  with  rats  there  is 
not  the  slightest  doubt  in  our  minds  that  either  rickets 
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or  osteomalacia  could  be  made  to  develop  in  human 
beings  deprived  of  the  protective  influence  of  light  rays 
and  the  dietary  factor  or  factors  contained  in  cod  liver 
oil  as  easily  as  in  the  rat  through  similar  alterations  in 
the  salt  composition  of  the  diet.  Indeed,  it  may  be  that 
human  beings  are  especially  sensitive  to  even  slight  dis- 
turbances in  the  relations  of  the  inorganic  constituents 
of  the  diet  when  lacking  the  protective  influence  of 
light  and  the  factor  or»factors  contained  in  cod  liver  oil. 
Our  experiments  with  the  rat,  therefore,  make  us 
think  that  in  many  instances  the  development  of  rickets 
in  the  human  being  may  be  due  primarily  to  abnormal 
relations  between  certain  mineral  constituents  of  the 
diet;  i.  e.,  the  disease  has  a  purely  exogenous  origin. 
We  are  not  at  all  certain,  however,  that  the  disease 
always  has  an  exogenous  origin.  We  think  it  probable, 
indeed,  that  rickets  in  some  instances  has  an  endogenous 
origin.  It  seems  likely  that  in  human  beings,  especially 
when  deprived  of  the  protective  influence  of  certain 
light  rays  and  of  a  factor  or  factors  contained  in  cod 
liver  oil,  the  mineral  metabolism  may  be  disorganized 
from  causes  operating  within  the  body  in  such  manner 
as  to  give  rise  to  rickets. 

SUMMARY 

1.  The  object  of  the  experiment  was  to  determine 
whether  or  not  sunlight  prevents  the  development  of 
rickets  in  the  rat. 

2.  A  diet  was  employed  which  at  room  light  regu- 
larly gives  rise  to  a  disease  in  its  essential  features  iden- 
tical with  rickets  as  seen  in  human  beings.  The  diet 
was  high  in  calcium,  low  in  phosphorus  and  ivas  insuf- 
ficiently supplied  with  fat-soluble  A.  In  other  respects 
it  was  well  constituted. 

3.  Eighteen  rats  were  placed  on  the  diet.  Twelve 
were  exposed  to  sunlight  for  a  total  of  242  hours  over  a 
period  of  sixty-two  days.  Six  were  kept  under  condi- 
tions of  ordinary  room  light  as  control  animals. 

4.  The  control  rats,  killed  with  ether  at  the  end  of 
sixty  days,  all  showed  rickets. 

5.  The  rats  exposed  to  sunlight,  killed  coincidently, 
remained  without  exception  entirely  free  from  rickets. 
The  absence  of  the  lesions  of  rickets  was  confirmed  by 
histologic  examination. 
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lay  and  Watson/®  on  the  etiology  of  rickets,  Neve  *° 
called  attention  to  the  fact  that  rickets  was  exceedingly 
rare  in  Srinagar  (India),  where  infants  live  under 
the  worst  conditions  of  hygiene  and  diet,  but  where 
sunlight,  to  which  they  are  almost  constantly  exposed, 
abounds.  He  stated  that  the  only  case  of  rickets  which 
he  had  seen  there  was  in  an  English  child.  A  cure 
took  place  when  the  gloomy  house  in  which  the  patient 
lived  was  exchanged  for  one  which  was  well  lighted 
by  the  sun. 

The  favorable  effect  of  sunlight  in  rickets  as  deter- 
mined by  clinical  observation  has  been  recently  empha- 
sized by  Feer.**  He  called  attention  to  the  marked 
benefit  which  accrued  in  rickets  from  exposure  to  the 
sun's  rays  in  the  Swiss  Alps.  He  made  reference  to 
the  excellent  results  which  had  been  obtained  in  the 
treatment  of  rickets  with  sunlight  during  the  past  ten 
years  at  the  Zurich  Sanatorium,  and  also  to  the 
investigation  of  Neumann  **  in  1909  in  regard  to  the 
incidence  of  rickets  and  tetany  in  the  Swiss  Alps. 
Neumann  had  pointed  out  the  great  rarity  of  both 
rickets  and  tetany  in  Arosa,  1,740  meters  (5,709  feet) 
above  the  sea  level,  and  its  frequency  at  Davos,  at  an 
altitude  of  1,560  meters  (4,285  feet)  and  only  four 
and  one-half  hours  distant.  At  Arosa  the  children 
lived  for  a  large  part  of  the  time  outdoors;  but  in 
Davos  they  lived  largely  indoors  under  the  crowded 
conditions  which  are  found  generally  in  cities. 

Huldschinsky  made  use  of  sunlight  together  with  the 
ultraviolet  ray  in  two  cases  of  his  series,  and  Riedel 
relied  on  treatment  with  sunlight  in  some  of  his  cases, 
supplementing  with  the  quartz  lamp  only  on  sunless 
days. 

Hess  and  Unger  ^^  were  the  first,  so  far  as  we  are 
aware,  to  demonstrate  by  means  of  the  roentgen  ray 
that  sunlight  alone  possesses  the  same  curative  action 
as  the  light  of  the  quartz  lamp  in  the  rickets  of  human 
beings.  They  state  that  they  exposed  five  infants  with 
rickets  to  the  direct  action  of  sunlight  for  periods  vary- 
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Sunlight.  J.  A.  M.  A.   77:39   (July  2)    1921. 


II 

ing  from  one-half  hour  to  several  hours  daily,  when- 
ever the  sunlight  was  available.  Different  parts  of  the 
body  were  in  turn  subjected  to  the  action  of  the  sun's 
rays.     In  one  of  the  cases  the  patient  was  exposed  to 
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the  sunlight  only  on  seven  occasions  for  a  total  period 
of  twenty-five  hours.  The  general  condition  of  the 
infants,  as  well  as  the  diseased  condition  in  the  bones. 
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was  benefited.  Calcification  at  the  cartilage-shaft  jurf^ 
tions  of  the  bones  of  the  extremities  occurring  in  M"^ 
course  of  the  treatment  was  determined  by  the  roei4^"~ 
gen  ray. 


All  the  investigations  which  have  been  made  up| 
the  present  time  in  regard  to  the  curative  effects  of  h 
the  ultraviolet  ray  and  sunlight  in  rickets  have  1 
made  on  human  subjects  of  the  disease,  and  all  ) 
evidence  has  been  furnished  by  means  of  the  rot 
genogram.  In  order  to  satisfy  ourselves  concerni^ 
the  action  of  light  in  rickets  as  well  as  actually  to  B 
the  changes  produced  in  the  bones,  we  performed  t 
following  experiments: 

Eighteen  rats  about  6  weeks  old  and  weighing 
between  40  and  50  gm.  were  placed  on  Diet  3143  which, 
as  previous  experience  ^'  has  shown,  produces  rickets 
comparable  in  every  respect  to  the  rickets  manifesting 
itself  in  human  beings.  The  ration  has  the  following 
composition:  wheat,  33;  maize,  23;  gelatin,  15;  wheat 
gluten,  15  ;  sodium  chlorid,  1 ;  calcium  carbonate,  3  per 
cent.  It  contains  nearly  twice  the  optimal  content  of 
calcium,  and  is  decidedly  below  the  optimum  in  its  con- 
tent of  phosphorus  and  in  fat-soluble  A.  Otherwise, 
it  is  well  constituted. 

Twelve  rats  placed  on  this  diet  were  sent  to  New 
Haven,  there  to  be  exposed  to  sunlight.  The  remain- 
ing six  rats  were  retained  in  Baltimore  to  be  kept  as 
control  animals  under  ordinary  laboratory  conditions 
in  a  large,  well  ventilated  room  completely  screened 
with  windows  of  ordinary  glass.  The  animals  treated 
with  the  sunlight  were  divided  into  two  groups  and 
placed  in  fairly  large  wire  mesh  cages.  Each  clear  day 
the  c.iges  were  carried  outdoors  and  placed  in  the  sun- 
light. At  first,  the  weather  being  warm,  the  rats,  were 
exposed  to  the  sunlight  for  two  short  period.*  of  twenty 
minutes  each.  Soon,  however,  the  periods  were  length- 
ened to  six  or  even  more  hours.  During  the  experi- 
mental period,  which  covered  between  sixly-two  and 
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yellowish  tint.  Long  before  the  experiments  were  com- 
pleted, it  became  evident  that  the  animals  treated  with 
sunlight  were  not  developing  rickets.  Though  they  did 
not  grow  normally,  they  remained  extremely  active, 
climbing  and  darting  about  the  cages.  Toward  the  end 
of  the  experiments  they  became  sexually  active ;  one  of 
the  females  became  pregnant. 

The  control  rats,  killed  at  the  expiration  of  two 
months,  showed  all  the  gross  and  microscopic  evidences 
of  rickets,  the  characteristic  deformities  of  the  thorax, 
enlargement  and  distortion  of  the  costochondral  junc- 
tions, fractures  of  the  shafts,  and  enlargements  at  the 
wrists,  ankles  and  knees,  and  the  ends  of  all  the  long 
bones.  The  bones  cut  with  diminished  resistance.  On 
section,  a  deep  rachitic  metaphysis  entirely  free  from 
calcium  was  exposed.  Into  it  the  proliferative  cartilage 
extended  in  irregular  prolongations.  The  trabeculae 
were  surrounded  with  broad  zones  of  osteoid. 

The  rats  exposed  to  the  sunlight,  on  the  other  hand, 
showed  none  of  the  evidences  of  rickets.  The  thorax 
was  not  deformed;  the  costochondral  junctions  were 
normal.  There  were  no  fractures  of  the  ribs.  The 
ends  of  the  long  bones  were  not  enlarged.  The  long 
bones  cut  with  great  resistance.  On  microscopic 
examination  the  cartilage  was  normal.  The  prolifera- 
tive zone  was  completely  calcified.  The  trabeculae 
were  completely  calcified.  The  condition  found  was 
normal,  except  that  both  microscopically  and  grossly 
the  bone  was  more  delicate  than  in  the  rat  of  corre- 
sponding age  reared  on  satisfactory  diets.  Though  the 
sunshine  completely  prevented  the  development  of 
rickets,  it  did  not  entirely  compensate  for  the  deficiency 
of  phosphorus  in  the  diet,  as  regards  the  growth  and 
development  of  the  rat  as  a  whole  or  of  the  skeleton. 

There  were  some  noteworthy  findings  outside  the 
skeleton.  An  abundance  of  fat  was  present.  In  the 
control  rats  the  fat  was  scant.  The  thymus  was  only 
partially  involuted.    The  spleen  was  not  enlarged. 

The  improvement  in  the  general  condition  in  our 
animals  which  were  exposed  to  the  light  of  the  sun  was 
convincing  evidence  that  the  eflfect  of  light  was  not  on 
the  skeleton  alone.  Sunlight  obviously  had  a  profound 
eflPect  on  every  cell  in  the  organism. 
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COMMENT 

Sunlight  effectually  prevents  the  development  of 
rickets  in  the  rat.  We  have  already  shown,  as  has  also 
Pappenheimer,  that  cod  liver  oil  prevents  the  develop- 
ment of  rickets  in  the  rat.  As  nearly  as  we  can  judge 
from  the  roentgenograms  furnished  by  Huldschinsky 
and  others,  the  mode  of  healing  at  the  cartilage-shaft 
junction  induced  by  the  ultraviolet  ray  (or  sunlight)  is 
exactly  analogous  to  that  which  occurs  after  the 
administration  of  cod  liver  oil,  as  determined  by  How- 
land  and  Park.^^  The  time  relations  are  also  similar. 
Huldschinsky  found  that  the  ultraviolet  ray  produced 
definite  evidences  of  healing  at  the  end  of  four  weeks, 
and  at  the  end  of  two  months  almost  complete  healing. 
Howland  and  Park  found  that  cod  liver  oil  first  gave 
rise  to  evidences  of  healing  at  the  junctions  of  the  car- 
tilage and  shaft  of  the  long  bones  three  weeks  after  the 
administration  was  begun,  and  that  at  the  end  of  about 
two  months  the  calcification  of  the  diseased  ends  of  the 
shafts  seemed  to  be  complete.  Moreover,  as  the  result 
of  the  gross  and  histologic  examinations  made  on  the 
rats  fed  the  rickets-producing  diet,  3143,  but  exposed 
to  sunlight,  it  is  possible  to  say  that  the  changes  pro- 
duced by  sunlight  in  the  skeleton  do  not  differ  in  any 
important  respect  from  the  changes  produced  when  the 
animals  are  kept  in  room  light  but  on  a  diet  supple- 
mented by  cod  liver  oil. 

When  cod  liver  oil  is  supplied  to  rats  living  in  room 
light  on  diets  well  supplied  with  calcium  but  deficient 
in  phosphorus  and  lacking  in  fat-soluble  A  (and  pos- 
sibly another  factor),  it  brings  about  an  improvement 
in  the  animal  which  is  general,  li  the  defects  in  the 
diet  are  not  so  severe  as  to  preclude  the  possibility  of 
any  favorable  effect  at  all,  cod  liver  oil  promotes 
growth,  muscular  development  and  the  storage  of  fat ; 
it  improves  the  condition  of  the  hair  and  stimulates 
sexual  activity  and  reproductive  power.  The  rat 
becomes  more  active  and  api)roximates  more  nearly  the 
normal  animal.  It  is  obvious  that  cod  liver  oil  does  not 
act  on  the  skeleton  alone.  Its  effect  on  the  calcifica- 
tion and  growth  of  the  skeleton  is  merely  the  manifes- 
tation of  its  effect  on  a  single  tissue. 

25.  Howland,  John,  and  Park.  E.  A.:  Some  Observations  on  Rickets, 
Arch.  Pediat.  37:411.  1920:  The  Radiographic  Evidence  of  the  Influ- 
ence of  Cod  Liver  Oil  in  Rickets,  Bull.  Johns  Hopkins  Hosp.  39:314, 
1921. 
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What  we  have  just  said  in  regard  to  cod  liver  oil, 
we  may  say,  apparently  with  equal  truth,  in  regard  to 
sunlight.  Sunlight,  when  supplied  to  the  rats  living  on 
diets  defective  in  their  salt  composition,  as  specified 
above,  and  in  a  factor  or  factors  present  in  cod  liver 
oil,  brings  about  a  general  improvement  in  the  condi- 
tion of  the  animal.  It  promotes  growth,  muscular 
development,  the  accumulation  of  fat,  the  growth  of 
the  hair,  sexual  activity,  and  reproductive  power.  The 
rat  becomes  active,  eats  more  food,  and  approximates 
closer  the  healthy  animal.  It  has  been  no  accident  that 
sunlight  has  been  found  to  exert  a  favorable  effect  in 
tuberculosis,  in  anemia,  in  the  condition  commonly 
referred  to  as  the  "exudative  diathesis,"  in  the  treat- 
ment of  surgical  wounds  and  burns.  Light  cannot  be 
thought  of,  any  more  than  can  cod  liver  oil,  as  acting 
on  the  skeleton  alone.  Though  the  deposition  of  lime 
salts  which  it  causes  affords  a  most  striking,  visible  and 
measurable  evidence  of  its  action  on  the  skeleton,  its 
favorable  influence  there  is  probably  not  greater  than 
its  favorable  influence  elsewhere. 

The  experiments  that  we  have  reported  have  a  bio- 
logic significance  which  extends  far  beyond  the  cure 
of  rickets.  Cod  liver  oil  contains  and  light  embodjes 
something  which  is  essential  for  optimal  cellular  func- 
tion. Cod  liver  oil,  or  light,  when  made  available  to  an 
animal  previously  deprived  of  them,  permits  the  organ- 
ism to  put  into  successful  operation  mechanisms  which 
otherwise  would  have  been  ineffectual.  Neither  cod 
liver  oil  nor  light  meets  the  defect  in  the  composition 
of  the  diet  directly  by  supplying  to  the  body  either  cal- 
cium or  phosphorus.  Both  must  meet  them  indirectly, 
in  a  manner  at  present  unknown,  by  so  activating  or 
altering  the  processes  of  the  body  as  to  secure  a  more 
efficient  utilization  of  those  substances  which  are 
directly  or  indirectly  concerned  with  ossification  and 
calcification.  We  do  not  believe  that  the  diversity  of 
favorable  effects  obtained  from  the  therapeutic  use  of 
cod  liver  oil  or  of  light  can  be  explained  in  any  other 
way  than  on  the  theory  that  by  improving  the  efficiency 
of  the  organism  it  enables  the  organism  to  work  with 
increased  economy  and  to  deal  successfully  with  the 
exigencies  of  its  environment. 


17 

Our  experiments  indicate  that  diets  which  are  defec- 
tive at  room  light  or  in  darkness  may  cease  to  be  defec- 
tive in  the  presence  of  active  light  rays,  and,  conversely, 
that  diets  which  are  satisfactory  in  the  sunlight  may 
become  unsatisfactory  at  room  light  or  in  darkness. 
It  would  seem  that  diets  which  suffice  for  the  main- 
tenance of  optimal  health  during  a  life  in  darkness  may 
supply  an  amount  of  dietary  factors  unnecessary  for 
an  individual  who  is  irradiated  by  sunlight.  From  this 
point  of  view  it  becomes  necessary  to  think  of  certain 
factors  which  can  be  taken  into  the  body  in  the  food  as 
being  able  to  compensate  for  deprivation  of  light,  and 
of  light  as  being  able  to  compensate  for  the  deprivation 
of  certain  dietary  factors.  The  experiments  suggest, 
therefore,  that  throughout  the  animal  and  perhaps  also 
the  vegetable  kingdom  there  may  be  balances  between 
the  amounts  of  active  light  required  and  the  amounts 
of  certain  food  essentials  requisite  for  the  maintenance 
of  health.  Under  the  abnormal  conditions  imposed  on 
animals  by  domestication  or  on  man  by  civilization,  it 
may  be  necessary  to  supply  more  light  to  replace  the 
lack  of  certain  dietary  essentials  or  to  increase  the  latter 
to  compensate  for  deprivation  of  light.  For  example, 
the  negro,  because  of  his  heavily  pigmented  skin 
absorbing  light  less  readily  than  the  white  man.  may 
require  more  light  or,  not  receiving  it,  more  of  the 
corresponding  factor  or  factors  in  the  food,  in  order  to 
maintain  an  optimal  condition  of  health  (e.  g.,  to  pre- 
vent the  development  of  rickets).  The  available  supply 
of  light  must  be  considered  in  the  future  in  planning 
diets  for  prisoners,  miners  and  all  other  individuals 
who  are  deprived  of  their  exposure  to  light  by  occu- 
pation or  other  circumstances. 

Our  experiments  indicate  in  a  broader  sense  that 
just  as  we  live  in  an  atmosphere  of  air  and  breathe  air. 
so  we  live  in  a  medium  of  light  and,  so  to  speak,  breathe 
light.  That  is,  light,  like  air,  is  absorbed  and  in  some 
way  influences  cellular  function. 

While  one  group  of  students  of  rickets  has  been 
groping  for  proof  that  the  cause  of  the  disease  lay  in 
physical  conditions,  another  group  has  been  too  intent 
on  the  proofs  of  the  curative  properties  of  a  dietary 
factor  contained  in  cod  liver  oil  for  the  proper  consid- 
eration of  other  possibilities.  Two  factors,  to  all 
external  appearances  of  a  totally  different  nature,  one 


reveals  unsuspected  dirt,  btrt  is  Nature's  universal  disinfecUnt, 
as  welt  as  a  stimulant  and  tonic.  Such  knowledge  will  also 
stimulate  efforts  for  the  abatement  of  smoke,  and  for  the 
multiplication  of  open  spaces,  especially  as  playgrounds  for 
the  children  of  the  poor. 

Experimental  evidence  for  the  favorable  action  of 
sunlight  on  the  mineral  metabolism  was  furnished  by 
Raczynski  '*  in  1912.  On  account  of  its  importance, 
we  quote  Raczynski's  brief  communication  in  its 
entirety : 


There  are  numerous  investigations  which  have  had  as  their 
object  the  determination  of  the  etiology  oE  rickets,  but  there 
exists  none  which  consists  in  an  experimental  inquiry  into 
the  action  of  the  sun  in  that  disease. 


Daily  experience  and  statistics  show  that  the  greatest  num- 
ber of  cases  of  rickets  are  found  in  the  months  following  the 
winter,  i.  e.,  in  March,  April  and  May. 

The  statistical  records  of  rachitic  breast  fed  infants  aged 
between  3  and  11  months  appearing  at  the  children's  out- 
patient department  at  Leopol  give  a  curve  which  begins  to 
ascend  in  January,  rises  sharply  in  the  months  following, 
and  attains  its  height  in  May,  to  fall  rapidly  in  June. 

The  attempt  is  made  to  explain  these  generally  recognized 
facts  by  improper  hygienic  conditions,  such  as  impure  air  and 
damp,  ill  ventilated  lodgings  in  which  the  infants  of  the  poor 
live  during  the  winter.  But  we  often  encounter  rachitic  chil- 
dren in  the  same  months  of  the  year  among  our  patients  who 
live  under  the  most  favorable  hygienic  conditions. 

There  are  again  many  other  facts  which  lead  us  to  say 
that  it  is  the  sun  which  plays  the  principal  role  in  the  etiology 
of  rickets. 

The  following  experiment  lends  support  to  our  thesis: 

Two  puppies  born  of  the  same  mother  in  May  were  reared 
for  six  weeks,  the  first  in  the  sunlight  from  morning  to  even- 
ing, the  second  in  absolute  darkness  in  a  large,  well  ventilated 
cage.  Both  were  nourished  in  the  same  manner,  that  is  to 
say,  they  were  both  exclusively  suckled  by  their  mother.  At 
the  end  of  six  weeks  the  puppies  were  killed  and  their  bodies 
were  examined  from  the  chemical  standpoint. 

I  have  looked  for  Ca,  P,  Mg,  CI  and  Fe,  and  have  estimated 
them  per  100  grams  of  body  weight: 


In  the  Case 

In  the  Case 

of  the  Dog 

of  the  Dog 

Reared   in 

Reared   in 

Sunlight 

Darkness 

Gm. 

Gm. 

CaO 

...      1.578 

0.978 

P2O6 

...      1.192 

0.862 

MgO 

..      0.054 

0.041 

CI    .. 

..       0.162 

0.347 

Fc    . 

...      0.017 

0.019 

The  table  shows  that  the  body  of  the  dog  reared  in  the 
darkness  contained  less  CaO  and  PaOs  than  the  body  of  the 
dog  reared  in  the  sunlight;  and  that  a  diminution  of  CaO 
and  PsO*  in  the  organism  is  a  characteristic  evidence  of 
rickets. 

It  is  possible  to  assume  that  the  lack  of  the  action  of  the 
sunlight  by  influencing  in  so  unfavorable  a  manner  the  assimi- 
lation of  CaO  in  the  young  organism  is  one  of  the  causes  of 
rickets.    This  is  in  complete  accord  with  clinical  experience. 

In  a  recent  letter  to  the  British  Medical  Journal  in 
criticism  of  the  conclusions  arrived  at  by  Paton,  Find- 
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lay  and  Watson/®  on  the  etiology  of  rickets,  Neve  *° 
called  attention  to  the  fact  that  rickets  was  exceedingly 
rare  in  Srinagar  (India),  where  infants  live  under 
the  worst  conditions  of  hygiene  and  diet,  but  where 
sunlight,  to  which  they  are  almost  constantly  exposed, 
abounds.  He  stated  that  the  only  case  of  rickets  which 
he  had  seen  there  was  in  an  English  child.  A  cure 
took  place  when  the  gloomy  house  in  which  the  patient 
lived  was  exchanged  for  one  which  was  well  lighted 
by  the  sun. 

The  favorable  effect  of  sunlight  in  rickets  as  deter- 
mined by  clinical  observation  has  been  recently  empha- 
sized by  Feer.*^  He  called  attention  to  the  marked 
benefit  which  accrued  in  rickets  from  exposure  to  the 
sun's  rays  in  the  Swiss  Alps.  He  made  reference  to 
the  excellent  results  which  had  been  obtained  in  the 
treatment  of  rickets  with  sunlight  during  the  past  ten 
years  at  the  Zurich  Sanatorium,  and  also  to  the 
investigation  of  Neumann  ^*  in  1909  in  regard  to  the 
incidence  of  rickets  and  tetany  in  the  Swiss  Alps. 
Neumann  had  pointed  out  the  great  rarity  of  both 
rickets  and  tetany  in  Arosa,  1,740  meters  (5,709  feet) 
above  the  sea  level,  and  its  frequency  at  Davos,  at  an 
altitude  of  1,560  meters  (4,285  feet)  and  only  four 
and  one-half  hours  distant.  At  Arosa  the  children 
lived  for  a  large  part  of  the  time  outdoors;  but  in 
Davos  they  lived  largely  indoors  under  the  crowded 
conditions  which  are  found  generally  in  cities. 

Huldschinsky  made  use  of  sunlight  together  with  the 
ultraviolet  ray  in  two  cases  of  his  series,  and  Riedel 
relied  on  treatment  with  sunlight  in  some  of  his  cases, 
supplementing  with  the  quartz  lamp  only  on  sunless 
days. 

Hess  and  Unger  -^  were  the  first,  so  far  as  we  are 
aware,  to  demonstrate  by  means  of  the  roentgen  ray 
that  sunlight  alone  possesses  the  same  curative  action 
as  the  light  of  the  quartz  lamp  in  the  rickets  of  human 
beings.  They  state  that  they  exposed  five  infants  with 
rickets  to  the  direct  action  of  sunlight  for  periods  vary- 

19.  Paton,  D.  N.;  Findlay,  L.,  and  Watson,  A.:    Observations  on  the 
Cause  of  Rickets,   Brit.   M.  J.  8:625   (Dec.   7)    19 1«. 

20.  Neve,  E.   F.:    The  Etiology  of  Rickets,  Brit.  M.  J    1:518.  1919. 

21.  Peer.  E. :    Die  Einwirkung  des  Hohenklimas  auf  das  kranke  Kind, 
Schweiz.   med.    Wchnschr.    51:438,    1921. 

22.  Neumann,     H.:      Der    Saugling    im     Hochgebirge,    Deutsch.    med. 
VVchnschr.  35:2167,   1909. 

21.   Hess,  A.   F.,  and  Unger,  L.  J.:    The  Cure  of  Infantile  Rickets  by 
Sunlight,  J.   A.   M.  A.   77:39   (July  2)    1921. 
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ing  trom  one-lialf  hour  to  several  hours  daily,  when- 
ever the  sunlight  was  available.  Different  pans  of  the 
body  were  in  turn  subjected  to  the  action  of  the  sun's 
rays.    In  one  of  the  ca^es  the  patient  was  exposed  to 


the  sunlight  only  on  seven  occasions  for  a  total  period 
of  twenty-five  hours.  The  general  condilion  of  the 
infants,  as  well  as  the  diseased  condition  in  the  bones. 
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historical:     light     in     the     cure    of     RICKETS 

AND     TETANY 

In  1904,  Buchholz  ^  published  a  paper  on  the  treat- 
ment by  means  of  light  of  rickets  and  certain  other  dis- 
eases occurring  in  children.  He  used  the  "Gliihlicht" 
(Kellogg)  which,  he  stated,  was  poor  in  chemically 
active  rays.  The  heat  rays  were  in  part  absorbed  by  a 
special  kind  of  glass  filter  interposed  between  lamp  and 
patient.  He  considered  that  the  action  of  the  lamp 
depended  in  part  on  the  heat  rays,  in  part  on  the  light 
rays.  Whatever  the  exact  composition  of  the  light  may 
have  been,  Buchholz  reported  favorable  results  from 
its  use  in  rickets.  Altogether  he  treated  with  it  sixteen 
rachitic  children.  They  all  showed  general  improve- 
ment. They  ate  and  slept  better ;  they  became  more 
active  and  began  to  walk.  Sweating  of  the  head 
decreased,  and  their  backs  became  straight.  The 
work  of  Buchholz  seems  to  have  commanded  little,  if 
any,  attention. 

•  Read  before  the  American  Child  Hygiene  Association  at  the  Twelfth 
Annual  Meeting  at  New  Haven,  Conn.,  Nov.  2-5,   1921. 

1.  Buchholz.  E.:  Ueber  Lichtbehandlung  der  Rachitis  und  anderer 
Kinderkrankheiten,  Verhandlunpren  der  GeseTlschaft  ftir  Kinderheilkunde 
in  der  Abteilung  fur  Kinderheilkunde  der  76  Versammlung  der  G?sell- 
schaft   Deutscher   Naturforscher  und   Aerzte    in   Breslau,   21:116,    1904. 
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yellowish  tint.  Long  before  the  experiments  were  com- 
pleted, it  became  evident  that  the  animals  treated  with 
sunlight  were  not  developing  rickets.  Though  they  did 
not  grow  normally,  they  remained  extremely  active, 
climbing  and  darting  about  the  cages.  Toward  the  end 
of  the  experiments  they  became  sexually  active ;  one  of 
the  females  became  pregnant. 

The  control  rats,  killed  at  the  expiration  of  two 
months,  showed  all  the  gross  and  microscopic  evidences 
of  rickets,  the  characteristic  deformities  of  the  thorax, 
enlargement  and  distortion  of  the  costochondral  junc- 
tions, fractures  of  the  shafts,  and  enlargements  at  the 
wrists,  ankles  and  knees,  and  the  ends  of  all  the  long 
bones.  The  bones  cut  with  diminished  resistance.  On 
section,  a  deep  rachitic  metaphysis  entirely  free  from 
calcium  was  exposed.  Into  it  the  proliferative  cartilage 
extended  in  irregular  prolongations.  The  trabeculae 
were  surrounded  with  broad  zones  of  osteoid. 

« 

The  rats  exposed  to  the  sunlight,  on  the  other  hand, 
showed  none  of  the  evidences  of  rickets.  The  thorax 
was  not  deformed;  the  costochondral  junctions  were 
normal.  There  were  no  fractures  of  the  ribs.  The 
ends  of  the  long  bones  were  not  enlarged.  The  long 
bones  cut  with  great  resistance.  On  microscopic 
examination  the  cartilage  was  normal.  The  prolifera- 
tive zone  was  completely  calcified.  The  trabeculae 
were  completely  calcified.  The  condition  found  was 
normal,  except  that  both  microscopically  and  grossly 
the  bone  was  more  delicate  than  in  the  rat  of  corre- 
sponding age  reared  on  satisfactory  diets.  Though  the 
sunshine  completely  prevented  the  development  of 
rickets,  it  did  not  entirely  compensate  for  the  deficiency 
of  phosphorus  in  the  diet,  as  regards  the  growth  and 
development  of  the  rat  as  a  whole  or  of  the  skeleton. 

There  were  some  noteworthy  findings  outside  the 
skeleton.  An  abundance  of  fat  was  present.  In  the 
control  rats  the  fat  was  scant.  The  thymus  was  only 
partially  involuted.    The  spleen  was  not  enlarged. 

The  improvement  in  the  general  condition  in  our 
animals  which  were  exposed  to  the  light  of  the  sun  was 
convincing  evidence  that  the  eflfect  of  light  was  not  on 
the  skeleton  alone.  Sunlight  obviously  had  a  profound 
effect  on  every  cell  in  the  organism. 
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COMMENT 

Sunlight  effectually  prevents  the  development  of 
rickets  in  the  rat.  We  have  already  shown,  as  has  also 
Pappenheimer,  that  cod  liver  oil  prevents  the  develop- 
ment of  rickets  in  the  rat.  As  nearly  as  we  can  judge 
from  the  roentgenograms  furnished  by  Huldschinsky 
and  others,  the  mode  of  healing  at  the  cartilage-shaft 
junction  induced  by  the  ultraviolet  ray  (or  sunlight)  is 
exactly  analogous  to  that  which  occurs  after  the 
administration  of  cod  liver  oil,  as  determined  by  How- 
land  and  Park.^^  The  time  relations  are  also  similar. 
Huldschinsky  found  that  the  ultraviolet  ray  produced 
definite  evidences  of  healing  at  the  end  of  four  weeks, 
and  at  the  end  of  two  months  almost  complete  healing. 
Howland  and  Park  found  that  cod  liver  oil  first  gave 
rise  to  evidences  of  healing  at  the  junctions  of  the  car- 
tilage and  shaft  of  the  long  bones  three  weeks  after  the 
administration  was  begun,  and  that  at  the  end  of  about 
two  months  the  calcification  of  the  diseased  ends  of  the 
shafts  seemed  to  be  complete.  Moreover,  as  the  result 
of  the  gross  and  histologic  examinations  made  on  the 
rats  fed  the  rickets-producing  diet,  3143,  but  exposed 
to  sunlight,  it  is  possible  to  say  that  the  changes  pro- 
duced by  sunlight  in  the  skeleton  do  not  differ  in  any 
important  respect  from  the  changes  produced  when  the 
animals  are  kept  in  room  light  but  on  a  diet  supple- 
mented by  cod  liver  oil. 

When  cod  liver  oil  is  supplied  to  rats  living  in  room 
light  on  diets  well  supplied  with  calcium  but  deficient 
in  phosphorus  and  lacking  in  fat-soluble  A  (and  pos- 
sibly another  factor),  it  brings  about  an  improvement 
in  the  animal  which  is  general.  If  the  defects  in  the 
diet  are  not  so  severe  as  to  preclude  the  possibility  of 
any  favorable  effect  at  all,  cod  liver  oil  promotes 
growth,  muscular  development  and  the  storage  of  fat ; 
it  improves  the  condition  of  the  hair  and  stimulates 
sexual  activity  and  reproductive  power.  The  rat 
becomes  more  active  and  approximates  more  nearly  the 
normal  animal.  It  is  obvious  that  cod  liver  oil  does  not 
act  on  the  skeleton  alone.  Its  effect  on  the  calcifica- 
tion and  growth  of  the  skeleton  is  merely  the  manifes- 
tation of  its  effect  on  a  single  tissue. 

25.  Howland,  John,  and  Park.  E.  A. :  Some  Observations  on  Rickets, 
Arch.  Pediat.  87:411.  1920:  The  Radiographic  Evidence  of  the  Influ- 
ence of  Cod  Liver  Oil  in  Rickets,  Bull.  Johns  Hopkins  Hosp.  32:314, 
1921. 
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What  we  have  just  said  in  regard  to  cod  liver  oil, 
we  may  say,  apparently  with  equal  truth,  in  regard  to 
sunlight.  Sunlight,  when  supplied  to  the  rats  living  on 
diets  defective  in  their  salt  composition,  as  specified 
above,  and  in  a  factor  or  factors  present  in  cod  liver 
oil,  brings  about  a  general  improvement  in  the  condi- 
tion of  the  animal.  It  promotes  growth,  muscular 
development,  the  accumulation  of  fat,  the  growth  of 
the  hair,  sexual  activity,  and  reproductive  power.  The 
rat  becomes  active,  eats  more  food,  and  approximates 
closer  the  healthy  animal.  It  has  been  no  accident  that 
sunlight  has  been  found  to  exert  a  favorable  effect  in 
tuberculosis,  in  anemia,  in  the  condition  commonly 
referred  to  as  the  "exudative  diathesis,"  in  the  treat- 
ment of  surgical  wounds  and  burns.  Light  cannot  be 
thought  of,  any  more  than  can  cod  liver  oil,  as  acting 
on  the  skeleton  alone.  Though  the  deposition  of  lime 
salts  which  it  causes  affords  a  most  striking,  visible  and 
measurable  evidence  of  its  action  on  the  skeleton,  its 
favorable  influence  there  is  probably  not  greater  than 
its  favorable  influence  elsewhere. 

The  experiments  that  we  have  reported  have  a  bio- 
logic significance  which  extends  far  beyond  the  cure 
of  rickets.  Cod  liver  oil  contains  and  light  embodjes 
something  which  is  essential  for  optimal  cellular  func- 
tion. Cod  liver  oil,  or  light,  when  made  available  to  an 
animal  previously  deprived  of  them,  permits  the  organ- 
ism to  put  into  successful  operation  mechanisms  which 
otherwise  would  have  been  ineffectual.  Neither  cod 
liver  oil  nor  light  meets  the  defect  in  the  composition 
of  the  diet  directly  by  supplying  to  the  body  either  cal- 
cium or  phosphorus.  Both  must  meet  them  indirectly, 
in  a  manner  at  present  unknown,  by  so  activating  or 
altering  the  processes  of  the  body  as  to  secure  a  more 
efficient  utilization  of  those  substances  which  are 
directly  or  indirectly  concerned  with  ossification  and 
calcification.  We  do  not  believe  that  the  diversity  of 
favorable  effects  obtained  from  the  therapeutic  use  of 
cod  liver  oil  or  of  light  can  be  explained  in  any  other 
way  than  on  the  theory  that  by  improving  the  efficiency 
of  the  organism  it  enables  the  organism  to  work  with 
increased  economy  and  to  deal  successfully  with  the 
exigencies  of  its  environment. 
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Our  experiments  indicate  that  diets  which  are  defec- 
tive at  room  light  or  in  darkness  may  cease  to  be  defec- 
tive in  the  presence  of  active  light  rays,  and,  conversely, 
that  diets  which  are  satisfactory  in  the  sunlight  may 
become  unsatisfactory  at  room  light  or  in  darkness. 
It  would  seem  that  diets  which  suffice  for  the  main- 
tenance of  optimal  health  during  a  life  in  darkness  may 
supply  an  amount  of  dietary  factors  unnecessary  for 
an  individual  who  is  irradiated  by  sunlight.  From  this 
point  of  view  it  becomes  necessary  to  think  of  certain 
factors  which  can  be  taken  into  the  body  in  the  food  as 
being  able  to  compensate  for  deprivation  of  light,  and 
of  light  as  being  able  to  compensate  for  the  deprivation 
of  certain  dietary  factors.  The  experiments  suggest, 
therefore,  that  throughout  the  animal  and  perhaps  also 
the  vegetable  kingdom  there  may  be  balances  between 
the  amounts  of  active  light  required  and  the  amounts 
of  certain  food  essentials  requisite  for  the  maintenance 
of  health.  Under  the  abnormal  conditions  imposed  on 
animals  by  domestication  or  on  man  by  civilization,  it 
may  be  necessary  to  supply  more  light  to  replace  the 
lack  of  certain  dietary  essentials  or  to  increase  the  latter 
to  compensate  for  deprivation  of  light.  For  example, 
the  negro,  because  of  his  heavily  pigmented  skin 
absorbing  light  less  readily  than  the  white  man.  may 
require  more  light  or,  not  receiving  it,  more  of  the 
corresponding  factor  or  factors  in  the  food,  in  order  to 
maintain  an  optimal  condition  of  health  (e.  g.,  to  pre- 
vent the  development  of  rickets).  The  available  supply 
of  light  must  be  considered  in  the  future  in  planning 
diets  for  prisoners,  miners  and  all  other  individuals 
who  are  deprived  of  their  exposure  to  light  by  occu- 
|)ation  or  other  circumstances. 

Our  experiments  indicate  in  a  broader  sense  that 
just  as  we  live  in  an  atmosphere  of  air  and  breathe  air, 
so  we  live  in  a  medium  of  light  and,  so  to  speak,  breathe 
light.  That  is,  light,  like  air,  is  absorbed  and  in  some 
way  influences  cellular  function. 

While  one  group  of  students  of  rickets  has  been 
groping  for  proof  that  the  cause  of  the  disease  lay  in 
physical  conditions,  another  group  has  been  too  intent 
on  the  proofs  of  the  curative  properties  of  a  dietary 
factor  contained  in  cod  liver  oil  for  the  proper  consid- 
eration of  other  possibilities.  Two  factors,  to  all 
external  appearances  of  a  totally  different  nature,  one 


reveals  unsuspected  dirt,  but  is  Nature's  universal  disinfectant, 
as  well  as  a  stimulant  and  tonic.  Such  knowledge  will  also 
stimulate  efforts  for  the  abatement  of  smoke,  and  [or  the 
multiplication  of  open  spaces,  especially  as  pUygrounds  for 
the  children  of  the  poor. 

Experimental  evidence  for  the  favorable  action  of 
sunlight  on  the  mineral  metabolism  was  furnished  by 
Raczynski "  in  1912,  On  account  of  its  importance, 
we  quote  Raczynski's  brief  communication  in  its 
entirety: 
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There  are  numerous  investigations  which  have  had  as  their 
object  the  determination  of  the  etiology  of  rickets,  but  there 
exists  none  which  consists  in  an  experimental  inquiry  into 
the  action  of  the  sun  in  that  disease. 


Daily  experience  and  statistics  show  that  the  greatest  num- 
ber of  cases  of  rickets  are  found  in  the  months  following  the 
winter,  i.  e.,  in  March,  April  and  May. 

The  statistical  records  of  rachitic  breast  fed  infants  aged 
between  3  and  11  months  appearing  at  the  children's  out- 
patient department  at  Leopol  give  a  curve  which  begins  to 
ascend  in  January,  rises  sharply  in  the  months  following, 
and  attains  its  height  in  May,  to  fall  rapidly  in  June. 

The  attempt  is  made  to  explain  these  generally  recognized 
facts  by  improper  hygienic  conditions,  such  as  impure  air  and 
damp,  ill  ventilated  lodgings  in  which  the  infants  of  the  poor 
live  during  the  winter.  But  we  often  encounter  rachitic  chil- 
dren in  the  same  months  of  the  year  among  our  patients  who 
live  under  the  most  favorable  hygienic  conditions. 

There  are  again  many  other  facts  which  lead  us  to  say 
that  it  is  the  sun  which  plays  the  principal  role  in  the  etiology 
of  rickets. 

The  following  experiment  lends  support  to  our  thesis: 

Two  puppies  born  of  the  same  mother  in  May  were  reared 
for  six  weeks,  the  first  in  the  sunlight  from  morning  to  even- 
ing, the  second  in  absolute  darkness  in  a  large,  well  ventilated 
cage.  Both  were  nourished  in  the  same  manner,  that  is  to 
say,  they  were  both  exclusively  suckled  by  their  mother.  At 
the  end  of  six  weeks  the  puppies  were  killed  and  their  bodies 
were  examined  from  the  chemical  standpoint. 

I  have  looked  for  Ca,  P.  Mg,  CI  and  Fe,  and  have  estimated 
them  per  100  grams  of  body  weight: 


In  the  Case 

In  the  Case 

of  the  Dog 

of  the  Dog 

Reared   in 

Reared   in 

Sunlight 

Darkness 

Gm. 

Gm. 

CaO 

...      1.578 

0.978 

PaOs 

...      1.192 

0.862 

MgO 

..      0.054 

0.041 

CI     .. 

..       0.162 

0.347 

Fc    . 

. ..      0.017 

0.019 

The  table  shows  that  the  body  of  the  dog  reared  in  the 
darkness  contained  less  CaO  and  P2O3  than  the  body  of  the 
dog  reared  in  the  sunlight;  and  that  a  diminution  of  CaO 
and  PjOs  in  the  organism  is  a  characteristic  evidence  of 
rickets. 

It  is  possible  to  assume  that  the  lack  of  the  action  of  the 
sunlight  by  influencing  in  so  unfavorable  a  manner  the  assimi- 
lation of  CaO  in  the  young  organism  is  one  of  the  causes  of 
rickets.    This  is  in  complete  accord  with  clinical  experience. 

In  a  recent  letter  to  the  British  Medical  Journal  in 
criticism  of  the  conclusions  arrived  at  by  Paton,  Find- 
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lay  and  Watson/"  on  the  etiology  of  rickets,  Neve  ^^ 
called  attention  to  the  fact  that  rickets  was  exceedingly 
rare  in  Srinagar  (India),  where  infants  live  under 
the  worst  conditions  of  hygiene  and  diet,  but  where 
sunlight,  to  which  they  are  almost  constantly  exposed, 
abounds.  He  stated  that  the  only  case  of  rickets  which 
he  had  seen  there  was  in  an  English  child.  A  cure 
took  place  when  the  gloomy  house  in  which  the  patient 
lived  was  exchanged  for  one  which  was  well  lighted 
by  the  sun. 

The  favorable  effect  of  sunlight  in  rickets  as  deter- 
mined by  clinical  observation  has  been  recently  empha- 
sized by  Feer.^^  He  called  attention  to  the  marked 
benefit  which  accrued  in  rickets  from  exposure  to  the 
sun's  rays  in  the  Swiss  Alps.  He  made  reference  to 
the  excellent  results  which  had  been  obtained  in  the 
treatment  of  rickets  with  sunlight  during  the  past  ten 
years  at  the  Zurich  Sanatorium,  and  also  to  the 
investigation  of  Neumann  "  in  1909  in  regard  to  the 
incidence  of  rickets  and  tetany  in  the  Swiss  Alps. 
Neumann  had  pointed  out  the  great  rarity  of  both 
rickets  and  tetany  in  Arosa,  1,740  meters  (5,709  feet) 
above  the  sea  level,  and  its  frequency  at  Davos,  at  an 
altitude  of  1,560  meters  (4,285  feet)  and  only  four 
and  one-half  hours  distant.  At  Arosa  the  children 
lived  for  a  large  part  of  the  time  outdoors;  but  in 
Davos  they  lived  largely  indoors  under  the  crowded 
conditions  which  are  found  generally  in  cities. 

Huldschinsky  made  use  of  sunlight  together  with  the 
ultraviolet  ray  in  two  cases  of  his  series,  and  Riedel 
relied  on  treatment  with  sunlight  in  some  of  his  cases, 
supplementing  with  the  quartz  lamp  only  on  sunless 
days. 

Hess  and  Unger  -^  were  the  first,  so  far  as  we  are 
aware,  to  demonstrate  by  means  of  the  roentgen  ray 
that  sunlight  alone  possesses  the  same  curative  action 
as  the  light  of  the  quartz  lamp  in  the  rickets  of  human 
beings.  They  state  that  they  exposed  f\ve  infants  with 
rickets  to  the  direct  action  of  sunlight  for  periods  vary- 

19.  Paton,  D.  N.;  Findlay,  L.,  and  Watson,  A.:    Observations  on  the 
Cause  of  Rickets,  Brit.   M.  J.  2:625   (Dec.  7)    19 1«. 

20.  Neve,  E.  F.:    The  Etiology  of  Rickets,  Brit.  M.  J    1:518,   1919. 

21.  Peer.  E. :    Die  Einwirkung  des  Hohenklimas  auf  das  kranke  Kind, 
Schweiz.   med.    Wchnschr.    51:438,    1921. 

22.  Neumann,    H. :      Der    Saugling    im     Hochgebirge,    Deutsch.    med. 
Wchnschr.  35:2167,   1909. 

23.  Hess,  A.  F.,  and  Unger,  L.  J.:    The  Cure  of  Infantile  Rickets  by 
Sunlight.  J.   A.  M.  A.   77:39   (July  2)    1921. 
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ing  from  one-half  hour  to  several  hours  daily,  when- 
ever the  sunlight  was  available.  Different  parts  of  the 
body  were  in  turn  subjected  to  the  action  of  the  sun's 
rays.     In  one  of  the  cases  the  patient  was  exposed  to 


the  sunlight  only  on  seven  occasions  for  a  total  period 
of  twenty-five  hours.  The  general  condition  of  the 
infants,  as  well  as  the  diseased  condition  in  the  bones. 


10 

lay  and  Watson/'^  on  the  etiology  of  rickets,  Neve  *® 
called  attention  to  the  fact  that  rickets  was  exceedingly 
rare  in  Srinagar  (India),  where  infants  live  under 
the  worst  conditions  of  hygiene  and  diet,  but  where 
sunlight,  to  which  they  are  almost  constantly  exposed, 
abounds.  He  stated  that  the  only  case  of  rickets  which 
he  had  seen  there  was  in  an  English  child.  A  cure 
took  place  when  the  gloomy  house  in  which  the  patient 
lived  was  exchanged  for  one  which  was  well  lighted 
by  the  sun. 

The  favorable  effect  of  sunlight  in  rickets  as  deter- 
mined by  clinical  observation  has  been  recently  empha- 
sized by  Feer.^*  He  called  attention  to  the  marked 
benefit  which  accrued  in  rickets  from  exposure  to  the 
sun's  rays  in  the  Swiss  Alps.  He  made  reference  to 
the  excellent  results  which  had  been  obtained  in  the 
treatment  of  rickets  with  sunlight  during  the  past  ten 
years  at  the  Zurich  Sanatorium,  and  also  to  the 
investigation  of  Neumann  ^*  in  1909  in  regard  to  the 
incidence  of  rickets  and  tetany  in  the  Swiss  Alps. 
Neumann  had  pointed  out  the  great  rarity  of  both 
rickets  and  tetany  in  Arosa,  1,740  meters  (j,709  feet) 
above  the  sea  level,  and  its  frequency  at  Davos,  at  an 
altitude  of  1,560  meters  (4,285  feet)  and  only  four 
and  one-half  hours  distant.  At  Arosa  the  children 
lived  for  a  large  part  of  the  time  outdoors;  but  in 
Davos  they  lived  largely  indoors  under  the  crowded 
conditions  which  are  found  generally  in  cities. 

Huldschinsky  made  use  of  sunlight  together  with  the 
ultraviolet  ray  in  two  cases  of  his  series,  and  Riedel 
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the  sunlight  only  on  seven  occasions  for  a  total  period 
of  twenty-five  hours.  The  general  condition  of  the 
infants,  as  well  as  the  diseased  condition  in  the  bones. 
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was  benefited.  Calcification  at  the  cartilage-shaft  junc- 
tions of  the  bones  of  the  extremities  occurring  in  the 
course  of  the  treatment  was  determined  by  the  roent- 
gen ray. 

experimental:   the   prevention   of   rickets   in 

the   rat   by   sunlight 

All  the  investigations  which  have  been  made  up  to 
the  present  time  in  regard  to  the  curative  effects  of  both 
the  ultraviolet  ray  and  sunlight  in  rickets  have  been 
made  on  human  subjects  of  the  disease,  and  all  the 
evidence  has  been  furnished  by  means  of  the  roent- 
genogram. In  order  to  satisfy  ourselves  concerning 
the  action  of  light  in  rickets  as  well  as  actually  to  see 
the  changes  produced  in  the  bones,  we  performed  the 
following  experiments : 

Eighteen  rats  about  6  weeks  old  and  weighing 
between  40  and  SO  gm.  were  placed  on  Diet  3143  which, 
as  previous  experience  ^*  has  shown,  produces  rickets 
comparable  in  every  respect  to  the  rickets  manifesting 
itself  in  human  beings.  The  ration  has  the  following 
composition:  wheat,  33;  maize,  33;  gelatin,  15;  wheat 
gluten,  15 ;  sodium  chlorid,  1 ;  calcium  carbonate,  3  per 
cent.  It  contains  nearly  twice  the  optimal  content  of 
calcium,  and  is  decidedly  below  the  optimum  in  its  con- 
tent of  phosphorus  and  in  fat-soluble  A.  Otherwise, 
it  is  well  constituted. 

Twelve  rats  placed  on  this  diet  were  sent  to  New 
Haven,  there  to  be  exposed  to  sunlight.  The  remain- 
ing six  rats  were  retained  in  Baltimore  to  be  kept  as 
control  animals  under  ordinary  laboratory  conditions 
in  a  large,  well  ventilated  room  completely  screened 
with  windows  of  ordinary  glass.  The  animals  treated 
with  the  sunlight  were  divided  into  two  groups  and 
placed  in  fairly  large  wire  mesh  cages.  Each  clear  day 
the  cages  were  carried  outdoors  and  placed  in  the  sun- 
light. At  first,  the  weather  being  warm,  the  rats,  were 
exposed  to  the  sunlight  for  two  short  periods  of  twenty 
minutes  each.  Soon,  however,  the  periods  were  length- 
ened to  six  or  even  more  hours.  During  the  experi- 
mental period,  which  covered  between  sixty-two  and 

24.  McCollum.  E.  V.;  Simmonds.  Nina;  Shipley,  P.  G.,  and  Park, 
E.  A.:  Studies  on  Experimental  Rickets,  VIII.  The  Production  of 
Rickets  by  Diets  Low  in  Phosphorus  and  Fat-Sol ublc  A,  J.  Biol.  Chem. 
47:  507,  1921. 
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sixty-seven  days,  the  rats  were  exposed  to  the  sunlight 
on  every  day  except  nine.  The  total  exposure  to  sun- 
light varied  between  242  and  273  hours.  The  average 
daily  exposure  was  four  hours. 


^M( 


producing  dirt.      This   iiicliire   shows   the  depojit   o(   lime  ulli  between 
the  cartilage  «l1i  {indicated  by  arrow). 

When  first  exposed  to  sunlight,  the  albinos  developed 
conjunctivitis;  the  ears  of  all,  in  particular  the  albinos, 
began  to  peel;  the  skin  of  the  tails  became  sunburned 
and  rough ;  the  hair  of  some  of  the  albinos  acquired  a 
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yellowish  tint.  Long  before  the  experiments  were  com- 
pleted, it  became  evident  that  the  animals  treated  with 
sunlight  were  not  developing  rickets.  Though  they  did 
not  grow  normally,  they  remained  extremely  active, 
climbing  and  darting  about  the  cages.  Toward  the  end 
of  the  experiments  they  became  sexually  active ;  one  of 
the  females  became  pregnant. 

The  control  rats,  killed  at  the  expiration  of  two 
months,  showed  all  the  gross  and  microscopic  evidences 
of  rickets,  the  characteristic  deformities  of  the  thorax, 
enlargement  and  distortion  of  the  costochondral  junc- 
tions, fractures  of  the  shafts,  and  enlargements  at  the 
wrists,  ankles  and  knees,  and  the  ends  of  all  the  long 
bones.  The  bones  cut  with  diminished  resistance.  On 
section,  a  deep  rachitic  metaphysis  entirely  free  from 
calcium  was  exposed.  Into  it  the  proliferative  cartilage 
extended  in  irregular  prolongations.  The  trabeculae 
were  surrounded  with  broad  zones  of  osteoid. 

The  rats  exposed  to  the  sunlight,  on  the  other  hand, 
showed  none  of  the  evidences  of  rickets.  The  thorax 
was  not  deformed;  the  costochondral  junctions  were 
normal.  There  were  no  fractures  of  the  ribs.  The 
ends  of  the  long  bones  were  not  enlarged.  The  long 
bones  cut  with  great  resistance.  On  microscopic 
examination  the  cartilage  was  normal.  The  prolifera- 
tive zone  was  completely  calcified.  The  trabeculae 
were  completely  calcified.  The  condition  found  was 
normal,  except  that  both  microscopically  and  grossly 
the  bone  was  more  delicate  than  in  the  rat  of  corre- 
sponding age  reared  on  satisfactory  diets.  Though  the 
sunshine  completely  prevented  the  development  of 
rickets,  it  did  not  entirely  compensate  for  the  deficiency 
of  phosphorus  in  the  diet,  as  regards  the  growth  and 
development  of  the  rat  as  a  whole  or  of  the  skeleton. 

There  were  some  noteworthy  findings  outside  the 
skeleton.  An  abundance  of  fat  was  present.  In  the 
control  rats  the  fat  was  scant.  The  thymus  was  only 
partially  involuted.     The  spleen  was  not  enlarged. 

The  improvement  in  the  general  condition  in  our 
animals  which  were  exposed  to  the  light  of  the  sun  was 
convincing  evidence  that  the  eflPect  of  light  was  not  on 
the  skeleton  alone.  Sunlight  obviously  had  a  profound 
eflPect  on  every  cell  in  the  organism. 
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COMMENT 

Sunlight  effectually  prevents  the  development  of 
rickets  in  the  rat.  We  have  already  shown,  as  has  also 
Pappenheimer,  that  cod  liver  oil  prevents  the  develop- 
ment of  rickets  in  the  rat.  As  nearly  as  we  can  judge 
from  the  roentgenograms  furnished  by  Huldschinsky 
and  others,  the  mode  of  healing  at  the  cartilage-shaft 
junction  induced  by  the  ultraviolet  ray  (or  sunlight)  is 
exactly  analogous  to  that  which  occurs  after  the 
administration  of  cod  liver  oil,  as  determined  by  How- 
land  and  Park.^^  The  time  relations  are  also  similar. 
Huldschinsky  found  that  the  ultraviolet  ray  produced 
definite  evidences  of  healing  at  the  end  of  four  weeks, 
and  at  the  end  of  two  months  almost  complete  healing. 
Howland  and  Park  found  that  cod  liver  oil  first  gave 
rise  to  evidences  of  healing  at  the  junctions  of  the  car- 
tilage and  shaft  of  the  long  bones  three  weeks  after  the 
administration  was  begun,  and  that  at  the  end  of  about 
two  months  the  calcification  of  the  diseased  ends  of  the 
shafts  seemed  to  be  complete.  Moreover,  as  the  result 
of  the  gross  and  histologic  examinations  made  on  the 
rats  fed  the  rickets-producing  diet,  3143,  but  exposed 
to  sunlight,  it  is  possible  to  say  that  the  changes  pro- 
duced by  sunlight  in  the  skeleton  do  not  differ  in  any 
important  respect  from  the  changes  produced  when  the 
animals  are  kept  in  room  light  but  on  a  diet  supple- 
mented by  cod  liver  oil. 

When  cod  liver  oil  is  supplied  to  rats  living  in  room 
light  on  diets  well  supplied  with  calcium  but  deficient 
in  phosphorus  and  lacking  m  fat-soluble  A  (and  pos- 
sibly another  factor),  it  brings  about  an  improvement 
in  the  animal  which  is  general.  H  the  defects  in  the 
diet  are  not  so  severe  as  to  preclude  the  possibility  of 
any  favorable  effect  at  all,  cod  liver  oil  promotes 
growth,  muscular  development  and  the  storage  of  fat ; 
it  improves  the  condition  of  the  hair  and  stimulates 
sexual  activity  and  reproductive  power.  The  rat 
becomes  more  active  and  approximates  more  nearly  the 
normal  animal.  It  is  obvious  that  cod  liver  oil  does  not 
act  on  the  skeleton  alone.  Its  effect  on  the  calcifica- 
tion and  growth  of  the  skeleton  is  merely  the  manifes- 
tation of  its  effect  on  a  single  tissue. 

25.  Howland,  John,  and  Park.  E.  A. :  Some  Observations  on  Rickets, 
Arch.  Pediat.  37:411.  1920:  The  Radiographic  Evidence  of  thr  Influ- 
ence of  Cod  Liver  Oil  in  Rickets,  Bull.  Johns  Hopkins  Hosp.  32:314, 
1921. 
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What  we  have  just  said  in  regard  to  cod  liver  oil, 
we  may  say,  apparently  with  equal  truth,  in  regard  to 
sunlight.  Sunlight,  when  supplied  to  the  rats  living  on 
diets  defective  in  their  salt  composition,  as  specified 
above,  and  in  a  factor  or  factors  present  in  cod  liver 
oil,  brings  about  a  general  improvement  in  the  condi- 
tion of  the  animal.  It  promotes  growth,  muscular 
development,  the  accumulation  of  fat,  the  growth  of 
the  hair,  sexual  activity,  and  reproductive  power.  The 
rat  becomes  active,  eats  more  food,  and  approximates 
closer  the  healthy  animal.  It  has  been  no  accident  that 
sunlight  has  been  found  to  exert  a  favorable  effect  in 
tuberculosis,  in  anemia,  in  the  condition  commonly 
referred  to  as  the  "exudative  diathesis,"  in  the  treat- 
ment of  surgical  wounds  and  burns.  Light  cannot  be 
thought  of,  any  more  than  can  cod  liver  oil,  as  acting 
on  the  skeleton  alone.  Though  the  deposition  of  lime 
salts  which  it  causes  affords  a  most  striking,  visible  and 
measurable  evidence  of  its  action  on  the  skeleton,  its 
favorable  influence  there  is  probably  not  greater  than 
its  favorable  influence  elsewhere. 

The  experiments  that  we  have  reported  have  a  bio- 
logic significance  which  extends  far  beyond  the  cure 
of  rickets.  Cod  liver  oil  contains  and  light  embodjes 
something  which  is  essential  for  optimal  cellular  func- 
tion. Cod  liver  oil,  or  light,  when  made  available  to  an 
animal  previously  deprived  of  them,  permits  the  organ- 
ism to  put  into  successful  operation  mechanisms  which 
otherwise  would  have  been  ineffectual.  Neither  cod 
liver  oil  nor  light  meets  the  defect  in  the  composition 
of  the  diet  directly  by  supplying  to  the  body  either  cal- 
cium or  phosphorus.  Both  must  meet  them  indirectly, 
in  a  manner  at  present  unknown,  by  so  activating  or 
altering  the  processes  of  the  body  as  to  secure  a  more 
efficient  utilization  of  those  substances  which  are 
directly  or  indirectly  concerned  with  ossification  and 
calcification.  We  do  not  believe  that  the  diversity  of 
favorable  effects  obtained  from  the  therapeutic  use  of 
cod  liver  oil  or  of  light  can  be  explained  in  any  other 
way  than  on  the  theory  that  by  improving  the  efficiency 
of  the  organism  it  enables  the  organism  to  work  with 
increased  economy  and  to  deal  successfully  with  the 
exigencies  of  its  environment. 
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Our  experiments  indicate  that  diets  which  are  defec- 
tive at  room  light  or  in  darkness  may  cease  to  be  defec- 
tive in  the  presence  of  active  light  rays,  and,  conversely, 
that  diets  which  are  satisfactory  in  the  sunlight  may 
become  unsatisfactory  at  room  light  or  in  darkness. 
It  would  seem  that  diets  which  suffice  for  the  main- 
tenance of  optimal  health  during  a  life  in  darkness  may 
supply  an  amount  of  dietary  factors  unnecessary  for 
an  individual  who  is  irradiated  by  sunlight.  From  this 
point  of  view  it  becomes  necessary  to  think  of  certain 
factors  which  can  be  taken  into  the  body  in  the  food  as 
being  able  to  compensate  for  deprivation  of  light,  and 
of  light  as  being  able  to  compensate  for  the  deprivation 
of  certain  dietary  factors.  The  experiments  suggest, 
therefore,  that  throughout  the  animal  and  perhaps  also 
the  vegetable  kingdom  there  may  be  balances  between 
the  amounts  of  active  light  required  and  the  amounts 
of  certain  food  essentials  requisite  for  the  maintenance 
of  health.  Under  the  abnormal  conditions  imposed  on 
animals  by  domestication  or  on  man  by  civilization,  it 
may  be  necessary  to  supply  more  light  to  replace  the 
lack  of  certain  dietary  essentials  or  to  increase  the  latter 
to  compensate  for  deprivation  of  light.  For  example, 
the  negro,  because  of  his  heavily  pigmented  skin 
absorbing  light  less  readily  than  the  white  man,  may 
require  more  light  or,  not  receiving  it,  more  of  the 
corresponding  factor  or  factors  in  the  food,  in  order  to 
maintain  an  optimal  condition  of  health  (e.  g.,  to  pre- 
vent the  development  of  rickets).  The  available  supply 
of  light  must  be  considered  in  the  future  in  planning 
diets  for  prisoners,  miners  and  all  other  individuals 
who  are  deprived  of  their  exposure  to  light  by  occu- 
pation or  other  circumstances. 

Our  experiments  indicate  in  a  broader  sense  that 
just  as  we  live  in  an  atmosphere  of  air  and  breathe  air, 
so  we  live  in  a  medium  of  light  and,  so  to  speak,  breathe 
light.  That  is,  light,  like  air,  is  absorbed  and  in  some 
way  influences  cellular  function. 

While  one  group  of  students  of  rickets  has  been 
groping  for  proof  that  the  cause  of  the  disease  lay  in 
physical  conditions,  another  group  has  been  too  intent 
on  the  proofs  of  the  curative  properties  of  a  dietary 
factor  contained  in  cod  liver  oil  for  the  proper  consid- 
eration of  other  possibilities.  Two  factors,  to  all 
external  appearances  of  a  totally  different  nature,  one 
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contained  in  cod  liver  oil  and  the  other  in  light,  are 
operative  in  the  prevention  and  cure  of  rickets.  This 
fact  explains,  in  part  at  least,  the  confusion  that  has 
arisen  concerning  the  etiology  of  the  disease. 

We  do  not  regard  the  etiology  of  rickets  as  a  solved 
problem.  We  do  not  doubt,  however,  that  the  demon- 
stration of  the  curative  action  of  light  in  rickets  is  a 
substantial  step  toward  the  complete  understanding  of 
the  cause  of  this  disease.  Experiments  with  rats  by 
Sherman  and  Pappenheimer  ^®  and  ourselves  *^  have 
shown  that,  in  the  absence  of  certain  light  rays  and  of 
a  factor  or  factors  contained  in  cod  liver  oil,  a  disease 
indistinguishable  from  the  rickets  of  human  beings 
may  be  produced  through  a  deficiency  of  phosphates  in 
the  diet.  Rickets  so  produced  may  be  cured  by  cod 
liver  oil  or  prevented  by  certain  light  rays.  We  have 
also  shown  that  in  rats  fed  on  a  diet  in  which  the  phos- 
phate ion  is  sufficiently  abundant,  rickets  does  not 
develop  even  in  the  absence  of  certain  light  rays  and  of 
a  factor  or  factors  contained  in  cod  liver  oil. 

Thus,  experimentation  with  the  rat  makes  it  appear 
that  deficiencies  in  light  or  in  a  factor  or  factors  con- 
tained in  cod  liver  oil  do  not  cause  rickets  but  rather' 
permit  defects  in  the  inorganic  composition  of  the  diet 
to  become  effective.  The  disease  is  chiefly  the  expres- 
sion in  the  skeleton  of  the  disturbance  of  the  inor- 
ganic metabolism  in  question.  Our  experiments  have 
indicated  that  the  function  of  light  and  of  a  factor  or 
factors  contained  in  cod  liver  oil,  so  far  as  rickets  is 
concerned,  is  to  exert  a  regulatory  influence  over  the 
mineral  metabolism  of  the  body  having  to  do  with  ossi- 
fication and  calcification.  When  the  body  is  deprived 
of  the  regulatory  action  of  certain  light  rays  and  of  a 
factor  or  factors  contained  in  cod  liver  oil,  such  dis- 
turbances in  the  inorganic  metabolism  of  the  body  are 
permitted  to  develop. 

As  a  result  of  these  experiments  with  rats  there  is 
not  the  slightest  doubt  in  our  minds  that  either  rickets 

26.  Sherman,  H.  C,  and  Pappenheimer,  A.  M.:  Experimental  Rickets 
in  Rats,  I,  A  Diet  Producing  Rickets  in  Whit^  Rats,  and  Its  Preven- 
tion by  the  Addition  of  an  Inorganic  Salt,  J.  Exper.  Med.  34:  189 
(Aug.)   1921. 

27.  Shipley,  P.  G. ;  Park,  E.  A.;  McCollum.  E.  V.,  and  Simmonds, 
Nina:  Studies  on  Experimental  Rickets,  III,  A  Pathological  Condition 
Bearing  Fundamental  Resemblances  to  Rickets  of  the  Human  Being 
Resulting  from  Diets  Low  in  Phosphorus  and  Fat-Soluble  A:  The  Phos- 
phate Ion  in  Its  Prevention,  Bull.  Johns  Hopkins  Hosp.  32:  160  (May) 
1921. 
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or  osteomalacia  could  be  made  to  develop  in  human 
beings  deprived  of  the  protective  influence  of  light  rays 
and  the  dietary  factor  or  factors  contained  in  cod  liver 
oil  as  easily  as  in  the  rat  through  similar  alterations  in 
the  salt  composition  of  the  diet.  Indeed,  it  may  be  that 
human  beings  are  especially  sensitive  to  even  slight  dis- 
turbances in  the  relations  of  the  inorganic  constituents 
of  the  diet  when  lacking  the  protective  influence  of 
light  and  the  factor  or^factors  contained  in  cod  liver  oil. 
Our  experiments  with  the  rat,  therefore,  make  us 
think  that  in  many  instances  the  development  of  rickets 
in  the  human  being  may  be  due  primarily  to  abnormal 
relations  between  certain  mineral  constituents  of  the 
diet;  i.  e.,  the  disease  has  a  purely  exogenous  origin. 
We  are  not  at  all  certain,  however,  that  the  disease 
always  has  an  exogenous  origin.  We  think  it  probable, 
indeed,  that  rickets  in  some  instances  has  an  endogenous 
origin.  It  seems  likely  that  in  human  beings,  especially 
when  deprived  of  the  protective  influence  of  certain 
light  rays  and  of  a  factor  or  factors  contained  in  cod 
liver  oil,  the  mineral  metabolism  may  be  disorganized 
from  causes  operating  within  the  body  in  such  manner 
as  to  give  rise  to  rickets. 

SUMMARY 

1.  The  object  of  the  experiment  was  to  determine 
whether  or  not  sunlight  prevents  the  development  of 
rickets  in  the  rat. 

2.  A  diet  was  employed  which  at  room  light  regu- 
larly gives  rise  to  a  disease  in  its  essential  features  iden- 
tical with  rickets  as  seen  in  human  beings.  The  diet 
was  high  in  calcium,  low  in  phosphorus  and  was  insuf- 
ficiently supplied  with  fat-soluble  A.  In  other  respects 
it  was  well  constituted. 

3.  Eighteen  rats  were  placed  on  the  diet.  Twelve 
were  exposed  to  sunlight  for  a  total  of  242  hours  over  a 
period  of  sixty-two  days.  Six  were  kept  under  condi- 
tions of  ordinary  room  light  as  control  animals. 

4.  The  control  rats,  killed  with  ether  at  the  end  of 
sixty  days,  all  showed  rickets. 

5.  The  rats  exposed  to  sunlight,  killed  coincidently, 
remained  without  exception  entirely  free  from  rickets. 
The  absence  of  the  lesions  of  rickets  was  confirmed  by 
histologic  examination. 
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6.  The  beneficial  effects  of  the  sun's  rays  were  not 
limited  to  the  skeleton,  since  the  condition  of  the  ani- 
mals underwent  a  general  improvement  under  the  influ- 
ence of  the  treatment  with  sunlight.  The  effect  of  the 
sunlight  on  the  skeleton  was  a  manifestation  of  its 
favorable  effect  only  on  a  single  tissue. 

7.  The  exposure  to  the  sun*s  rays,  however,  did  not 
entirely  compensate  for  the  defects  in  the  diet.  The 
animals  remained  undersized ;  the  bones,  though  com- 
pletely calcified,  remained  thin.  Though  the  sunlight 
did  not  alter  the  defects  in  the  diet,  it  permitted  the 
animals  to  thrive  to  a  limited  extent  in  the  presence 
of  them. 

8.  It  is  necessary  to  conclude,  therefore,  that  the 
sunlight  in  some  way  raises  the  efficiency  of  the  body 
cells.  It  enables  the  organism  to  put  into  operation 
regulatory  mechanisms  which  otherwise  would  have 
been  inoperative  or  ineffectual. 

9.  The  effects  of  sunlight  and  of  cod  liver  oil  on  the 
growth  and  calcification  of  the  skeleton  and  on  the 
animal  as  a  whole  seem  to  be  similar,  if  not  identical. 
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STUDIES  ON  EXPERIMENTAL  RICKETS 

XV.  THE  EFFECT  OF  STARVATION  ON  THE  HEALING  OF 

RICKETS 

Bv  E.  V.  McCoLLUM  and  Nina  Simmonds 
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AND 
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We  have  shown  elsewhere*  that  certain  types  of  faulty  [31] 
diets  induce  bone  changes  identical  with  those  seen  in  rickets 
in  human  beings.  Cod-liver  oil  exerts  a  pronounced  effect  in 
preventing  the  development  of  these  changes,  or,  once  they 
are  established,  tends  to  cause  the  bones  to  return  toward  a 
normal  condition. 

The  most  effective  way  which  we  have  found  to  demon- 
strate the  therapeutic  v«due  of  cod-liver  oil  is  through  the 
application  of  our  "  line  test,"  which  has  been  fully  described 
in  another  paper.'  Young  rats  are  restricted  to  our  diet  (Lot 
3143)  which  has  tlie  following  composition  for  a  period  of 
35-40  days. 

Lot  3143 

Wheat    33.0 

Maize    33.0 

Gelatin    15.0 

Wheat  gluten 15.0 

NaCl    1.0 

CaCO. 3.0 

Any  other  diet  having  identical  dietary  properties  would 
serve  the  same  purpose. 
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[31]  This  diet  contains  proteins  of  good  quality  and  in  great 
abundance  (about  33  per  cent),  and  about  twice  the  calcium 
necessary  for  optimal  growth  and  nutrition.  It  is,  however, 
low  in  fat-soluble  A  and  below  the  optimum  in  its  content 
of  phosphorus.  One  hundred  grams  contain  0.3019  gram 
of  phosphorus. 

If  youQg  rats  are  fed  on  this  diet  they  develop  a  condition  of  the 
skeleton  which  is  identical  with  the  most  severe  rickets  seen  in  the 
child.  In  the  bones  of  these  animals  (Fig.  1)  the  cartilage  is  overgrown 
and  abnormally  persistent.  The  shaftward  margin  of  the  cartilage  is 
irregular  and  the  cartilage  is  invaded  by  blood  vessels  from  the  shaft  of 
the  bone.  Lime  salts  are  not  deposited  in  the  cartilage,  so  that  no 
zone  of  provisional  calcification  "is  formed.  A  wide  zone  of  tissue  is 
formed  between  the  cartilage  and  the  shaft  proper  of  the  bone.  Thi» 
is  made  up  of  blood  vessels,  connective  tissue  and  marrow  elements, 
and  of  cartilage  cells  in  all  stages  of  degeneration,  reversion,  and  of 
metaplasia  into  osteoid  tissue.  This  is  the  rachitic  metaphysis.  The 
cortex  of  the  shaft  of  the  bone  and  the  trabecule  of  the  spongiosa  are 
surrounded  by  wide  zones  of  osteoid  tissue  (uncalcified  bone).  No 
signs  of  abnormal  resorption  of  bone  tissue  are  to  be  found.  These 
bones  are  very  soft  and  at  autopsy  the  animals  show  deformities  of 
the  skeleton  which  we  have  discussed  in  detail  in  a  preceding  com- 
munication.* 

When  a  young  rat  has  been  restricted  for  35-40  days  to 
this  diet,  experience  has  shown  that  the  cartilage  and  adjacent 
portion  of  the  metaphysis  in  the  long  bones  wiU  be  entirely 
free  from  calcium  salts.  If  now  cod-liver  oil  is  administered 
to  the  amount  of  2  per  cent  of  the  diet,  calcium  salts  are 
deposited  in  the  cartilage  on  the  epiphyseal  side  of  the  meta- 
physis. This  amounts  to  the  reappearance  of  the  provisional 
zone  of  calcification.  From  the  work  of  Schmorl  and  others 
we  know  this  phenomenon  to  be  the  beginning  of  the  healing  of 
the  lesion.  The  deposited  salts  appear  in  longitudinal  sections 
[2'i]  of  the  bone  as  a  fine  line  crossing  the  proliferative  zone  of  the 
epiphyseal  cartilage  transversely. 

We  have  found  that  the  administration  of  cod-liver  oil  to  the 
amount  of  2  per  cent  of  the  diet  causes  the  line  of  calcifica- 
tion to  appear  in  the  cartilage  within  five  days. 

We  have  recently  observed  that  when  young  rats  with 
rickets  are  made  to  fast  for  periods  of  three  to  five  days  (dis- 
tilled water  only  being  offered),  liealing  begins  in  exactly  the 
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same  way  as  it  does  when  suitable  amounts  of  cod-liver  oil  [32J 
are  administered. 

Ten  animals,  as  indicated  in  Table  I,  were  fed  on  our  diet 
No.  3143.  At  the  expiration  of  the  preparatory  period  they 
were  placed  in  special  cages  and  starved  for  3-5  days.*  They 
were  then  killed  with  chloroform  and  autopsied.  The  long 
bones  were  bisected  longitudinally,  immersed  in  a  1  per  cent 
solution  of  silver  nitrate,  and  examined  under  the  micro- 
scope after  exposure  to  light  for  the  presence  of  a  newly 
deposited  provisional  zone  of  calcification.  The  results  of 
this  gross  examination  were  checked  by  the  study  of  celloidin 
or  frozen  sections. 

TABLE  I 

Data  DKSCBn»TivE  op  Rats  Employed  for  Showing  the  Effects  of 
Fasting  on  the  Initiation  of  the  Healing  Process  in  Rickets 


Number 
of  rats 

Affe  in  days 

when  put 

OB  diet 

Dayion 
diet 

Age  in  days 
at  death 

Days 
starved 

Sex 

Weight  at 
death 

1182 

60 

70 

130 

5 

d 

82 

1221 

45 

64 

109 

5* 

d 

87 

1341 

45 

49 

94 

2* 

9 

101 

1345 

55 

49 

104 

3^ 

9 

85 

1358 

60 

55 

115 

3* 

d" 

125 

1364 

65 

30 

95 

3* 

d" 

80 

1365 

65 

30 

95 

3» 

9 

80 

1366 

65 

30 

95 

3 

9 

68 

1368 

60 

35 

95 

3 

9 

75 

1360 

60 

35 

95 

3 

9 

75 

^  Found  dead  on  the  morning  of  the  day  indicated. 

The  results  of  starvation  were  controlled  by  the  examina- 
tion of  animals  which  had  been  raised  in  the  same  cages  on 

♦The  cages  employed  for  the  fasting  rats  had  wide  mesh  wire 
bottoms,  so  that  the  feces  passed  through,  and  it  was  impossible  for 
the  animals  to  eat  their  stools.  No  bedding  of  any  kind  was  available 
for  the  rats  to  eat. 
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[32]  diet  No.  3143  at  the  same  time^  but  had  not  been  starved.* 
Not  one  of  the  starved  animals  failed  to  show  re-formation 
of  the  provisional  zone  of  calcification,  and  other  evidences 
of  the  healing  of  the  rachitic  process.  None  of  the  controls 
had  a  vestige  of  calcium  in  the  cartilage  or  metaphysis. 

Since  we  have  found  that  even  on  diet  No.  3143  rats  whidi 
were  exposed  daily  to  sunlight  in  the  summer  from  the  ban- 
ning of  the  experiment  did  not  develop  rickets/  three  methods 
are  now  known  of  inducing  the  deposition  of  calcium  salts 
in  the  cartilage  of  the  bones  of  rachitic  rats,  viz.,  through 
starvation,  exposure  to  light,  and  through  the  administra- 
tion of  cod-liver  oil. 

It  is  difficult  to  think  of  any  single  explanation  for  the  com- 
mon effect  produced  by  cod-Hver  oil,  sunlight  and  starvation  on 
the  skeleton  of  the  rat  rendered  rachitic  by  means  of  a  faulty 
diet.  The  possibihty  has  been  suggested  that  the  effect  of  cod- 
liver  oil  may  be  attributable  to  physical  force  of  one  kind  or 
another.  This  view  we  have  discussed  more  fully  in  anotiier 
place.  But  even  if  the  effect  of  cod-liver  oil  should  be  the 
result  of  a  physical  force  rather  than  a  chemical  reaction 
it  does  not  follow  that  one  could  generalize  regarding  the 
other  vitamins  and  accept  the  view  that  they  necessarily  act 
in  an  analogous  manner.  The  analogy  between  the  effects  on 
the  body  of  vitamin  preparations  and  of  the  hormones  is  so 
striking  that  we  are  not  justified  in  hastily  abandoning  the 
view  that  the  vitamins  are  organic  substances.  Two  at  least  of 
the  hormones,  thyroxin  and  adrenalin,  are  definite  organic 
compounds. 

Starvation  causes  healing  of  the  rickets  in  a  rat  just  as  do 
cod-liver  oil  and  sunlight,  and  the  mechanism  of  the  deposition 
of  calcium  salts  in  the  proliferative  cartilage  may  be  the  same. 
But  cod-liver  oil  and  sunlight  improve  the  general  condition 
of  the  animal.  This  is  indicated  by  increased  growth, longevity, 
muscular  activity,  storage  of  fat,  and  sexual  potency.  Starva- 
tion, on  the  other  hand,  causes  the  death  of  the  rat  in  a  few 
days.     Its  effects  on  the  animal  are  favorable  only  in  that 


♦  We  have  sections  from  the  bones  of  nearly  100  animals  which  were 
maintained  on  diet  No.  3143  under  the  same  conditions  as  our  test 
animals.   These  sensed  as  an  additional  control  for  the  test. 
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.  1.— PbototnirroKTiiph  o!  a.  soi'tion  from  the  nii 
i1  «-hieh  had  received  diet  No.  3143.  There  is  no  t 
m  of  the  epiphyseal  oarlilii)te  or  of  (he  metaphysi: 


Fro.  2.— Photomirrograph  iihowing  the  re-formation  of  a  pro- 
vision:il  zonf  of  cjilrificatidn  (Ca>  in  the  bone  of  a  rachitic  animal 
which  had  been  starved  for  5  da>'s. 


they  cause  the  healing  of  rickets.    The  mode  of  action  of  the  [32] 
three  agents  must  be  entirely  different.    It  seems  necessary  to 
think  that  sunlight  and  cod-liver  oil  act  by  enabling  the  cells 
to  carry  on,  even  when  their  food  supply  is  unfavorable.    In 
other  words,  they  aid  the  organism  to  adapt  itself  to  an  adverse 
environment.     Starvation,  on  the  other  hand,  must  produce 
healing  of  the  rickets  at  the  expense  of  other  body  tissues.  We 
cannot  disprove  at  present  the  possibility  that  the  cell  func- 
tions more  effectively  when  it  is  relieved  of  the  load  which  a 
faulty  diet  imposes  on  it.    However,  during  starvation  certain 
tissues  are  destroyed  for  the  upkeep  of  the  supply  of  nutriment 
for  those  whose  integrity  must  be  safe-guarded  to  preserve  life. 
We  have  shown  that  the  administration  of  cod-liver  oil  is 
followed  by  healing  of  rickets  in  rats  even  when  they  are  re- 
ceiving a  diet  with  a  faulty  calcium-phosphate  ratio.  It  may  be 
that  during  the  disintegration  of  protoplasm,  which  is  con- 
sequent upon  starvation,  some  substance  is  liberated  which 
permits  the  animal  to  readjust  the  salt  ratio  within  itself.  But 
although  it  is  possible   that  starvation,  liberates   from   the 
tissues  an  organic  factor  or  factors,  such  as  are  in  cod-liver 
oil,  it  is  not  necessary  to  account  for  healing  in  this  way.    Pro- 
viding calcium  and  phosphorus  are  present  in  the  proper  pro- 
portions, normal  calcification  of  the  skeleton  will  occur.    When 
the  defects  in  the  diet  are  such  as  they  happen  to  be  in  the  diet 
which  we  employed  in  these  experiments  (diet  No.  3143),  it 
would  only  be  necessary  for  phosphorus  to  be  liberated  into  the 
blood  stream  from  disintegrated  protoplasm  (muscle  for  ex- 
ample) in  order  to  cause  calcium  deposition  to  occur  in  the  [33] 
cartilage.    Animals  on  diet  No.  3143,  like  rachitic  children, 
have  much  less  than  the  normal  amount  of  phosphorus  in  the 
circulating  blood.     The   administration   of   cod-liver  oil  or 
radiation  from  the  mercury  vapor  quartz  lamp  causes  tlie  phos- 
phorus in  the  blood  to  rise  and  it  is  not  improbable  that  the 
healing  of  rickets  which  results  from  starvation  is  the  im- 
mediate result  of  an  equivalent  increase  of  this  element  in  the 
circulating  blood.    Just  as  soon  as  the  load  of  a  defective  diet 
is  removed  and  the  body  is  forced  to  draw  on  its  own  tissues 
for  maintenance  of  life  and  function,  stored  foodstuffs  are  re- 
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[33]  leased  into  the  blood  stream  as  the  result  of  a  process  of 
selective  tissue  decomposition. 

These  experiments  furnish  the  first  anatomical  proof  of  the 
beneficial  effect  of  starvation  on  the  animal  body.  The  good 
effects  of  fasting  are  given  a  new  meaning  because  the  organ- 
ism is  able  to  adapt  itself  to  pathogenic  distortions  of  normal 
metabolic  ratios  when  the  burden  of  carrying  on  exogenous 
metabolism  is  removed.  Since  the  starving  body  is  capable  of 
readjusting  abnormal  relations  within  itself  it  is  easy  to  under- 
stand the  benefit  derived  by  a  diabetic  from  occasional  hunger 
days,  and  why  it  is  that  tlie  wasted  athreptic  infant  does  not 
develop  rickets. 

Rickets  has  certain  of  the  characteristics  of  a  deficiency 
disease  because  a  certain  substance  contained  in  cod-liver  oil 
and  elsewhere  corrects  an  anatomical  condition  which  develops 
when  the  calcium  and  phosphorus  in  the  diet  are  present  in 
wrong  proportions.  Yet  rickets  has  a  feature  entirely  dis- 
tinct from  beri-beri,  scurvy,  and  xerophthalmia.  The  relation 
between  two  inorganic  elements  determines  the  extent  of  the 
animal's  need  for  the  organic  factor  which  cod-liver  oil  fur- 
nishes. No  such  relationship  between  a  vitamin  and  any  other 
food  substance  has  been  clearly  demonstrated  in  any  other 
condition. 
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Xn  our  second  communication  (1)  we  described  two  diets  (Lots 
and  2677)  which  we  had  used  to  prepare  animals  for  a  bio- 
test  for  the  calcium-depositing  power  of  various  food  sub- 
Lces.  This  test  depends  on  the  power  of  a  given  substance 
^^=>  ea.use  the  reappearance  of  a  provisional  zone  of  calcification 
^^'^  opiphyseal  cartilages  of  animals  with  very  severe  rickets,  whose 
^^^*^t,ilages  had  been  rendered  calcium-free  by  faulty  diets.  We 
^^■lled  this  procedure  the  *'line  test/'  because  in  gross  specimens 
ill  histological  preparations  the  new  zone  of  calcification  appears 
^  line  of  calcified  tissue  crossing  an  area  which  is  free  from  lime 
deposits.  Schmorl  (2)  showed  that  the  first  sign  of  healing 
^  ^^chitic  children  was  the  reformation  of  the  provisional  zone 
^^Icification  on  the  epiphyseal  side  of  the  metaphysis.  The 
^*^o  of  the  reaction  is  dependent  upon  the  certainty  with  which 
^i^en  diet  will  operate  to  produce  bones  in  which  the  epiphyseal 
.  ^^^ilage  and  the  metaphysis  are  calcium-free.  In  other  words, 
^^  not  sufficient  that  the  diet  shall  produce  rickets.  It  must 
^Use  an  exaggerated  form  of  florid  rickets  to  develop  without 
^^^«  Our  results  with  the  above  diets  were  not  entirely  satis- 
^<itory,  since  now  and  again  an  animal  would  show  some  evidence 
^.  ^deification  of  the  epiphyseal  cartilage.    Furthermore,  we 
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found  that  young  rats  on  these  diets  did  not  grow  enough  to 
produce  as  severe  rickets  as  we  desired.  Many  animalfl  died  in 
a  short  time  because  of  the  pronounced  deficiencies  of  the  diet 
(Lot  2677).  Moreover,  rats  on  these  diets  showed  a  marked 
tendency  to  destroy  and  eat  their  companions  in  the  cage.  This, 
of  course,  vitiated  the  experiments. 

The  data  presented  in  the  earlier  papers  of  this  series  leave  no 
room  for  doubt  that  certain  faulty  relations  between  three  dietary 
factors,  viz.  calcium,  phosphate,  and  an  unidentified  organic  sub- 
stance, lead  to  the  development  of  the  picture  of  rickets  in  young 
rats  as  it  occurs  in  children.  When  a  diet  contains  a  somewhat 
excessive  amoimt  of  calcium,  decidedly  less  than  the  optimal 
amoimt  of  phosphate,  and  very  little  of  an  organic  substance 
which  is  especially  abimdant  in  cod  liver  oil,  rats  which  are  fed 
on  it  develop  rickets  (3).  We  have  pointed  out  that  pronounced 
rickets  develops  only  when  the  conditions  are  such  as  to  permit 
yoimg  rats  to  grow.  When  the  faults  in  the  diet  are  such  as  to 
cause  rickets,  the  severity  of  the  disease  is  increased  if  the  food 
is  such  as  to  insure  to  the  animal  a  certain  amoimt  of  growth  and 
to  keep  up  its  vitality. 

A  diet  which  proves  highly  satisfactory  for  the  purpose  in  hand, 
in  that  young  rats  fed  upon  it  have  marked  rickets  with  an  epi- 
physeal cartilage  and  metaphysis  uniformily  free  from  calcium,  is 
made  up  as  follows: 

Diet  S14S. 

Whole  wheat  kernel.  .33.0  100  gm.  of  this  diet  contains  1221  gm. 

"      maize       "    .  .33.0  of  calcium,  and  0^019  gm.  of  phoe- 

Gelatin 15 .0  phonis. 

Wheat  gluten 16.0  Weight  ratio  Ca:P  -4.04:1 

NaCl 1.0 

CaCOj 3.0  Atomic  ratio  Ca:P  »  1 :0.319 

The  proteins  of  this  diet  are  of  good  quality  and  are  abundant 
(about  33  per  cent  of  the  food  mixture).  The  amount  of  phos- 
phorus in  the  mixture  is  distinctly  below  the  need  of  the  growing 
rat  for  this  element.  100  gm.  of  this  food  contain  0.3019  gm.  of 
phosphorus.  Our  observations  indicate  that  the  optimal  amount 
of  phosphorus  in  the  diet  of  the  growing  rat  is  not  less  than 
0.4146  per  cent.    It  may  be  considerably  higher.    The  calcium 
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content  of  the  food  mixture  is  1.221  gm. — ^approidmately  double 
that  required  for  optimal  growth  and  fimction.  The  content  of 
fat-fioluble  A  is  very  low  but  suffices  to  prevent  the  development 
-of  xerophthalmia,  and  to  make  growth  possible  for  a  time,  other 
factors  permitting.  The  content  of  the  second  organic  factor 
supplied  by  certain  fats  (if  this  proves  to  be  a  distinct  entity) 
is  likewise  very  low. 

Yoimg  rats  which  have  grown  rapidly  to  about  55  to  60  gm. 
(35  to  40  days  old)  are  confined  to  Diet  3143  for  a  period  of  about 
35  to  40  days  (preparatory  period).  If  the  animals  are  allowed 
to  remain  too  long  on  this  diet  they  deteriorate  physically  and 
their  hind  legs  become  paralyzed.  After  being  confined  to  the 
rickets-producing  diet  for  from  35  to  40  da3rs  the  rats  have  some 
difficulty  in  using  their  hind  legs.  The  changes  in  the  animals' 
gait  are  not  so  striking  that  they  would  be  noticed  except  by  one 
who  is  familiar  with  the  habits  and  movements  of  the  rat.  The 
gait  is  tottering,  and  the  hind  quarters  waver  slightly  from  side 
to  side.  When  the  animal  starts  to  move  off  rapidly  it  hops, 
usually  favoring  one  hind  leg.  We  have  never  failed  to  find  the 
cartilages  of  the  bones  of  animals  in  this  condition  calcium-free. 
The  metaphyBis  is  usually  quite  free  from  calcium  salts  but  occa- 
sionally a  few  calcified  areas  are  foimd. 

When  a  group  of  rats  are  ready  to  be  used  for  the  test,  some  of 
them  are  given  the  substance  which  we  desire  to  study,  in  their 
food,  and  the  rest  serve  as  control  animals  and  continue  to  receive 
Diet  3143  imchanged.  (The  time  during  which  the  rats  receive 
the  substance  which  is  being  studied  may  be  called  the  ''test 
period.")  The  test  animals  and  controls  are  killed  and  autopsied 
at  the  end  of  a  designated  time.  It  has  been  our  custom  to 
examine  the  distal  end  of  the  left  femur  and  the  proximal  end  of 
the  left  tibia  for  reformation  of  the  provisional  zone  of  calcifica- 
tion. Of  the  two  bones  the  tibia  is  perhaps  the  better,  since  the 
epiphyseal  line  is  straighter  in  this  bone  than  in  the  femur,  and 
the  metaphysis  wider. 

The  bones  are  split  in  two  with  a  sharp  scalpel  and  one-half  of 
each  is  fixed  in  10  per  cent  formaldehyde,  decalcified  in  Miiller's 
fluid,  and  embedded  in  parloidion.  The  other  half  of  each  bone  is 
immersed  in  a  1  per  cent  solution  of  silver  nitrate  and  exposed  to 
sunlight  or  to  the  light  of  a  Mazda  lamp,  and  studied  through  a 
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bmocular  microscope.    The  slices  wfiich  have  been  treatAby  ^^^ 
silver  nitrate  may  be  cut  into  frozen  sections  or  may  be  p»  ai^^'^  ^ 
as  permanent  gross  specimens.    For  the  latter  purpose  tt       Tb( 
washed  well  with  water,  decolorized  with  a  solution  of  ^r  ix^cV^*^ 
thiosulfite,  rewashed  and  kept  in  formaldehyde. 

The  bones  of  these  Aiiim5LlR  are  very  soft.    The  ends  s^  r>n^t 
much  enlarged.    On  section  the  cartilage  of  the  epipl 
irregular  in  depth  and  the  epiphysis  is  separated  from 
phjTsis  by  a  zone  of  white  tissue  (the  metaphysis)  which 
about  0.5  cm.  deep.    In  the  bones  of  the  control  animals 
which  give  a  negative  "line  test"  there  is  no  calcification 
epiphyseal  cartilage,  and  little  if  any  in  the  metaphysis  * 
The  shaft  is  incompletely  calcified.    We  have  describe! 
animals  and  their  bones  completely  in  another  place  (3) 
which  give  a  positive  "line  test"  differ  from  the  controls  in 
a  broad,  linear  deposit  of  calcium  salts  on  the  metaphysc  a 
of  the  epiphyseal  cartilage.    The  band,  which  may  not  be 
plete,  is  separated  from  the  shaft  of  the  bone  by  the 
the  metaphysis,  and  from  the  nucleus  of  ossification  of  the 
physis  by  the  depth  of  the  epiphyseal  cartilage.    It  can  be 
on  the  freshly  cut  surface  of  an  untreated  bone  as  a  yellow 
which  marks  the  epiphyseal  border  of  the  metaphysis. 
deposit  is  blackened  by  silver  nitrate  in  fresh  or  fixed 
specimens.    It  appears  like  a  cross-section  of  a  black  b 
comb  when  it  is  examined  with  a  binocular  microscope, 
metaphyses  of  these  bones  usually  appear  to  be  congested, 
deposit  is  in  the  proliferative  zone  of  the  cartilage.    It 
extend  completely  across  the  bone  or  may  be  interrupted  or  f 
mentary  according  to  the  activity  of  the   calcium-deposi 
substance  (Fig.  2).     It  is  stained  brown  by  silver  nitrate  and 
intense  blue  by  hematoxylin.     It  is  separated  from  the  calcifi 
trabecute  of  the  shaft  by  the  width  of  the  metaphysis.    The 
honeycomb-like  appearance  of  the  line  is  explained  by  sectiooi 
which  show  that  the  matrix  of  the  cartilage  only  is  calcified 
(Fig.  3).    The  cartilage  cell  is  not.    The  deposit  is  granular.' 
Although  the  possibility  of  detecting  this  calcification  in  Uving 

^  In  studying  fresh,  silvered  preparations  it  must  be  borne  in  mind  that 
a  precipitate  of  silver  is  sometimes  thrown  down  irregularly  on  the  surfaee 
of  the  bone  without  relation  to  calcium  deposits.    If  this  precipitate  is 
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jj^    ^^     ,-»  by  the  use  of  the  x-ray  has  been  recognized  for  sometime 

Diirrv^  Wfcrk  and  Rowland  (5)  were  the  first  to  make  use  of  it  experi- 

^■^pose  10^^    They  were  able  to  show  that  cod  liver  oil  would 

^  %Yv  induce  calcification  and  healing  in  the  bones  of  children 

g  :ets-    Since  their  experiments  Huldschinsky  (6)  and  others 

L         .  ^^(demonstrated  the  curative  power  of  ultra-violet  light  in  the 

^P*^  way.    When   rats  are  use<l  as  subjects  the  picture  on  the 

, /^  *  plate  may  be  confirmed  by  microscopic  study  of  the  bones 

.    ™  bJ^  results  obtained  with  this  test  are  illustrated  by  the  effect 

5^^f^  V  administration  of  cod  liver  oil.     Within  5  days  the  addition 

^*        '"^cent  of  cod  liver  oil  to  the  food  causes  complete  recalci- 

of  the  cartilage. 

►     iver  oil  added  to  the  food  in  amounts  equal  to  only  0.2  or 

i  t    ^nt  of  the  food  mixture  does  not  cause  the  line  of  calcium 

ate  to  appear  in  5  days.     0.6  per  cent,  on  the  other  hand, 

%he  appearance  of  an  irregular  calcification  in  some  of 

bolftes  in  this  time.    We  shall  describe  later  the  efifects  of 

w 

do&es  of  cod  liver  oil  repeated  for  shorter  or  longer  periods 

lucing  the  reformation  of  the  provisional  calcified  zone. 

conducting  these  tests  it  is  necessary  to  keep  accurate  records 

food  consumption  by  both  test  and  control  rats  during  the 

following  the  administration  of  the  substance  to  be 

This  is  so  because  starvation  causes  rats  with  rickets  to 

it  calcium  salts  in  the  epiph^-seal  cartilage,  just  as  does  cod 

<hI  (7).    We  have  taken  this  precaution  in  all  our  tests.    A 

itive  test  can  be  relied  upon  only  when  the  animals  eat  enough. 

Snee  the  amount  of  and  the  relation  between  calcium  and 

chorus  in  the  food  is  a  very  important  factor  in  determining 

ability  of  the  skeleton  to  grow  normally,  it  is  essential,  when 

ttiploying  the  test  here  described  for  the  examination  of  a  natural 

food  {e,g.  the  leaves  of  plants,  etc.),  to  modify  the  basal  diet  at 

/ofmed  on  the  cartilage  it  may  be  mistaken  for  an  irregular  calcification. 
The  regular  honeycomb  appearance  of  the  true  "line"  of  calcification  dis- 
tinguishes it.  In  case  of  doubt  the  bone  may  be  treated  with  sodium 
thioeulfite.  The  blackness  of  the  silvered  calcium  is  unaffected  by  2  to  3 
minutes'  treatment  with  the  solution,  but  the  precipitate  will  be  dissolved 
at  CHice.  We  have  always  controlled  the  results  of  the  examination  of 
fresh  tissues  by  the  study  of  microscopic  sections.  The  results  obtained 
by  the  use  of  the  two  methods  have  never  failed  to  correspond. 
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e  time  of  making  the  test,  so  that  the  added  food  will  make  no 

flange  in  the  inorganic  composition  of  the  diet  as  compared  with 

of  the  food  in  the  preparatory  period.    In  another  paper  in 

is  series  we  show  in  some  detail  how  important  it  is  to  adhere 

gidly  to  the  composition  laid  down  for  the  diet  used  for  the 

reparation  of  the  animals  for  this  test. 

The  test  is  applicable  for  the  demonstration  of  the  effect  of 
£ht  rays  or  other  radiations,  or  other  remedial  agencies.    It 
nstitutes,  therefore,  a  valuable  aid  to  further  experimental  work 
the  field  of  bone  pathology. 

SUMMARY. 

1.  A  diet  is  described  which  is  low  in  phosphate  and  in  an 
determined  organic  substance  and  relatively  high  in  calcium. 

Tiis  diet  uniformly  causes  the  bones  of  animals  fed  on  it  to  be 
^e  from  calcium  as  regards  the  epiphyseal  cartilages  and  the 

etaphyses.    These  bones  show  an  exa^erated  type  of  florid 

ckets. 

2.  The  reappearance  of  the  provisional  zone  of  calcification 
ter  the  addition  of  any  substance  to  the  rickets-producing  diet 

ginning  healing  of  the  rickets)  constitutes  a  test  for  the  calcium- 
positing  power  of  the  substance  (the  so  called  ''line  test")- 

3.  Cod  liver  oil  to  the  extent  of  2  per  cent  by  weight  of  the 
«t  causes  the  provisional  zone  of  calcification  to  be  reformed  in 

ese  bones  in  5  days  (a  positive  **line  test"). 

4.  0.4  per  cent  of  cod  liver  oil  fails  to  cause  the  provisional 
ne  of  calcification  to  reappear  in  the  bones.     1  per  cent  of  cod 

oil  for  5  days  does  not  cause  so  complete  a  calcium  salt 
position  as  does  2  per  cent. 

5.  Both  test  and  control  animals  must  be  kept  under  the  same 
^^nditions  of  illumination,  and  since  starvation  causes  redeposi- 

on  of  calcium  in  the  bones,  records  of  the  food  consumption  of 
e  animals  must  be  kept  during  the  experiment. 

6.  The  basal  diet  must  be  so  modified  when  any  natural  foods 
tested  that  the  addition  of  the  food  to  be  examined  will  not 

liange  the  inorganic  content  of  the  mixture  used  in  making  the 
'^^st  from  that  of  the  original  diet  used  during  the  preparatory 
X>eriod. 

7.  This  test  may  be  used  to  determine  the  ability  of  any  agency 
^  heal  rickets. 
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Chart  1.  The  curves  of  Lots  2818  and  3143  illustrate  the  importance  of 
having  an  optimal  ratio  between  calcium  and  phosphorus  in  the  diet  of  the 
growing  rat. 

Lot  3143  had  a  diet  which  contained  an  abundance  of  proteins  (33  per 
cent)  of  good  quality,  but  was  too  low  in  phosphorus  and  too  high  in  cal- 
cium. The  diet  contained  1.221  gm.  of  calcium  in  100  gm.  This  is  about 
twice  the  optimal  amount  of  this  element.  100  gm.  contained  0302  gm.  of 
phosphorus.  This  we  know  to  be  distinctly  below  the  optimal  amount, 
although  the  moat  favorable  concentration  of  this  element  in  the  diet 
has  not  been  accurately  determined.  In  certain  other  diets  we  have  beeh 
able  to  secure  good  nutrition  when  the  food  contained  0.415  per  cent  of 
phosphorus.  We  may  safely  assume  that  the  diet  under  consideration  is 
at  least  30  per  cent  too  low  in  this  element.  In  addition  to  these  defects 
the  diet  of  Lots  3143  and  2818  was  relatively  deficient  in  fat-soluble  A. 

The  diet  of  Lot  2818  differed  essentially  from  that  of  Lot  3143  in  its  con- 
tent of  phosphorus.  As  respects  protein,  calcium,  and  fat-soluble  A,  they 
were  essentially  alike.  Diet  2818  contained  0.4928  per  cent  of  phosphorus, 
and  1.247  per  cent  of  calcium.  The  calcium:  phosphorus  ratio  in  each  of 
these  rations  were: 


Lot  S14S. 
Atomic  ratio  ..  .Ca:P:  rli0.319 
Weight  ratio 


Lot  1838. 
Atomic  ratio..  .Oa:P::l:0  523 
Ca:P::4,01:l        Weight  ratio  .. .  ,Oa;P:  l2,51:1 


The  diet  of  Lot  3143  contained  only  61 .25  per  cent  as  much  phosphorus 
as  did  the  diet  of  Lot  2818.  This  diiTerence  in  phosphorus  contc-nt  was 
sufficiently  significant  for  the  welfare  of  the  t^rowini;  rat  to  make  the 
differences  in  growth  seen  in  the  contrasting  curves  of  the  two  groups  shown 
in  the  chart. 
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EXPLANATION  OF  PLATES. 

Plate  1. 

Fig.  1.  This  figure  shows  the  distal  end  of  a  section  of  the  tibia  of  a 
control  animal  which  had  been  fed  our  diet.  No.  3143.  Note  the  prolif- 
erative zone  of  cartilage  (C)  which  is  entirely  free  from  calcium  salts,  and 
the  wide  calcium-free  zone  (M)  between  the  cartilage  and  the  end  of  the 
shaft  (Z>)  which  contains  partially  calcified  trabeculae. 

Fig.  2.  This  figure  shows  the  distal  end  of  the  tibia  of  an  animal  which 
had  given  a  positive  line  test.  This  animal  had  been  fed  diet,  No.  3143, 
but  had  received  2  per  cent  of  cod  liver  oil  for  5  days  before  death.  Note 
the  "line"  (CA)  of  newly  deposited  calcium  in  the  proliferative  cartilage. 
This  line  is  a  newly  formed  zone  of  provisional  calcification. 

Plate  2. 

Fig.  3.  Higher  magnification,  X  300,  of  the  newly  formed  provisional 
calcified  zone  (CA).  This  picture  shows  the  calcification  of  the  inter- 
cellular matrix  of  the  proliferative  cartilage.  Some  of  the  calcified  cell 
capsules  have  been  broken  open  and  invaded  by  capillary  vessels  from  the 
shaft. 
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Plates  I  to  VII. 

In  a  previous  paper  (1)  we  described  experiments  on  the  growing 
rat  which  were  undertaken  to  determine  the  effects  of  diets  extremely 
low  in  calcium,  but  which  were  good  in  other  respects.  The  fat-soluble 
A*  was  furnished  in  the  form  of  butter  fat.  The  diets  had  the  fol- 
lowing composition : 

Diet  2684.  Diet  2810. 

"Wheat 30.0      Wheat 30.0 

Maize 20.0       Maize 14.5 

Bice  (polished) 12.0       Rice  (polished) 9.5 

Rolled  oats 11.5      Rolled  oats 9.5 

Peas 11.0      Peas 9.5 

Xavy  beans 11.0       Navy  beans 9.5 

Naa 1.0       Beefsteak   (round) 10.0 

NaHOO, 1.5      Naa ' 1.0 

Butter  fat 2.0      Dextrin 1.5 

Butter  fat 5.0 

Ration  2684  consists  of  entire  cereal  grains  and  legume  seeds  with 
the  exception  of  polished  rice,  supplemented  with  common  salt,  sodium 

*  Anti-xerophthalmie  substanee. 
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Plates  I  to  VII. 

In  a  previous  paper  (1)  we  described  experiments  on  the  growing 
rat  which  were  undertaken  to  determine  the  effects  of  diets  extremely 
low  in  calcium,  but  which  were  good  in  other  respects.  The  fat-soluble 
A*  was  furnished  in  the  form  of  butter  fat.  The  diets  had  the  fol- 
lowing composition : 

Diet  2684.  Diet  2810. 

Wheat 30.0      Wheat 30.0 

Maize 20.0       Maize 14.5 

Rice  (polished) 12.0       Rice  (polished) 9.5 

Rolled  oats 11.5      Rolled  oat« 9.5 

Peas 11.0      Peas 9.5 

Navy  beans 11.0       Navy  beans 9.5 

NaCfl 1.0      Beefsteak   (round) 10.0 

NaHOO, 1.5      Naa ' 1.0 

Batter  fat 2.0      Dextrin 1.5 

Butter  fat 5.0 

Ration  2684  consists  of  entire  cereal  grains  and  legume  seeds  with 
the  exception  of  polished  rice,  supplemented  with  common  salt,  sodium 
*  Anti-xerophthalmie  substanee. 
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bicarbonate  sufficient  to  make  a  slight  excess  of  alkaline  over  aci^EUHLd 
radicals,  and  2  per  cent,  of  butter  fat  added  to  supplement  the  di-^  — ^t 
with  respect  to  fat-soluble  A.  The  amount  of  butter  fat  added  Wi 
not  enough  to  bring  the  content  of  fat-soluble  A  up  to  the  optimum. 

100  grams  of  this  food  mixture  contained  0.0323  gram  of  calciu 
and  0.3631  gram  of  phosphorus. 

Ration  2810  differed  from  ration  2684  in  that  it  contained  10  p-  ^^voei 
cent,  of  beefsteak,  more  butter  fat  (fat-«oluble  A)  and  no  sodii^H^Kzziii] 
bicarbonate.    Its  proteins  were  of  excellent  quality.    Its  content  of 

fat-soluble  A  was  approximately  the  optimal.  It  was  somewhat  rid^^i^Einer 
in  phosphorus  than  ration  2684.  The  calcium  content  of  both  di^i^^^-ets 
was  far  below  the  optimal.  Our  experimental  work  with  the  ■cn^^rat 
indicates  that  a  content  of  0.641  gram  of  calcium  per  100  grams  of 

ration  is  very  close  to  the  optimum  concentration  of  tjiis  element. 

Ration  2810  contained  in  100  grams  0.0498  gram  of  calcium  ( 
and  0.3900  gram  of  phosphorus  (P).    It  contained  only  7.7  per 
as  much  as  our  studies  indicate  to  be  the  optimal  content  of  calei 
When  1.5  per  cent,  of  calcium  carbonate  is  added  to  this  dieti  it 

becomes  very  satisfactory,  as  is  shown  by  the  fact  that  we  have  s^-i-    "cn 
five  successive  generations  of  rats  successfully  nourished  upon  it. 

These  diets  produced  histological  changes  in  the  bones  which  h 
certain  fundamental  resemblances  to,  but  also  present  certain 
ences  from,  the  lesions  characterizing  rickets  in  the  human  being. 

In  the  present  paper  we  wish  to  describe  experiments  underta 
to  determine  the  effects  on  the  bones  of  a  diet  obtained  from  cer 
and  legume  seeds  unsupplemented  (ration  2638)  ;  also  the  same 
supplemented  with  sodium  chloride  and  sodium  bicarbonate  C 
2249).  Our  observations  indicate  that  neither  of  the  two  salts  ; 
mentioned  exert  any  direct  influence  on  the  structure  of  the  bo- 

Diet  2638.  Dim  2249. 

Wheat 30.0      Wheat ^^'^ 

Maize 30.0      Maize ^^-^ 

Polished  rice •. 10.0       Polished  rice ^  ^'^ 

Rolled  oats 10.0      Rolled  oats ^^'^ 

Peas 10.0      Peas ^^'^ 

Na\y  beans 10.0       Navy  beans i  O.t^ 

NaCl ^'^ 

NaHCO, ^'^ 

The  diet  of  Lot  2638  was  deficient  in  calcium,  fat-soluble  A,  an^ 
a  second  dietary  essential  associated  with  certain  fats,  notably  coo 
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liver  oil,  provided  this  latter  factor  is  a  distinct  entity ;  also,  in  a  minor 
degree  in  sodium,  chlorine  and  phosphorus.  One  hundred  grams  of 
the  diet  contained  0.0526  gram  of  calcium  and  0.3646  gram  of 
phosphorus. 

The  diet  of  Lot  2249  was  deficient  in  the  same  factors  as  that  of 
Lot  2638,  except  that  it  contained  added  sodium  chloride  and  bi-car- 
bonate.  It  contained  less  phosphorus  than  the  optimum,  but  this 
deficiency  was  not  so  marked  but  that  specially  planned  experiments 
are  necessary  to  demonstrate  that  the  well-being  of  rats  can  be  im- 
proved by  including  in  their  diet  a  higher  content  of  this  element  than 
is  furnished  by  any  ordinary  seed  mixture. 

Diet  2638  produces  histological  abnormalities  in  the  bones.  These 
will  also  be  considered  in  relation  to  the  histological  structure  of  the 
bones  of  animals  in  Lots  2810  and  2684.  The  latter  two  diets  con- 
tained suflScient  fat-soluble  A  (in  butter  fat)  to  maintain  good  growth 
and  fertility,  when  other  dietary  factors  are  satisfactory. 

Thirty-two  rats  were  fed  upon  ration  2638.  Some  of  them  may 
be  said  to  have  received  the  faulty  diet  as  soon  as  they  were  bom, 
inasmuch  as  the  mother  animals  were  placed  upon  the  ration  prior 
to  the  birth  of  their  litters,  and  were  kept  upon  it  throughout  the 
period  of  lactation.  We  have  shown,  however,  that  the  milk  produced 
by  a  lactating  rat  confined  to  a  faulty  diet  is  a  better  food  for  her 
young  than  her  diet  is,  as  a  source  of  nutriment  for  her.  Up  to  about 
the  age  of  20  days,  therefore,  these  young  had  the  advantage  of  their 
lactating  mothers  as  a  factor  of  safety  in  their  nutrition.  Others 
were  weaned  to  the  faulty  diet,  i.e.,  they  began  to  take  the  deficient 
ration  as  soon  as  they  were  able  to  eat  solid  food,  viz. :  on  the  19th  to 
21st  days.  The  other  animals  were  not  given  the  faulty  ration  until 
the  35th,  40th,  or  in  the  case  of  one  rat,  the  50th  day.  The  rats  were 
kept  on  the  faulty  ration  for  variable  periods,  ranging  between  38  and 
104  days,  and  averaging  about  71  days. 

The  EFFECTS  OF  RATION  2638. 

The  animals  confined  to  the  faulty  ration,  2638,  grew  poorly  or 
not  at  all.  The  animals  started  on  the  faulty  ration  at  birth  (through 
the  mother),  or  soon  after,  reached  at  the  end  of  2  months  a  weight, 
varying  in  a  litter  of  four,  between  25  and  37  grams.  (The  average 
weight  of  a  rat  20  days  old  is  35  grams,  and  the  average  weight  of  a  rat 
2  months  old  is  125  grams.)     The  rats  placed  upon  the  ration,  after 
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the  basophilic  cells  found  in  the  neighborhood  of  the  trabeculae. 
Many  evidences  of  actively  prognressing  resorption  could  be  found  in 
both  trabeculae  and  cortex. 

The  rats  most  affected  by  the  faulty  ration  displayed  deformities 
of  the  thorax  and  extremities  so  marked  as  to  be  visible  in  the  living 
animal.  The  thorax  was  greatly  flattened  from  side  to  side,  and  the 
lower  part  of  the  sternum,  in  consequence,  was  pushed  forward  with 
the  production  of  the  pigeon  breast  deformity.  The  cartilages  and 
ribs  met  at  sharp  angles  which  pointed  into  the  interior  of  the  thorax. 
The  costo-chondral  junctions  did  not  appear  to  be  greatly  enlarged, 
although  greatly  deformed.  The  posterior  ends  of  the  ribs  were  en- 
larged. The  spinal  column  was  bent.  The  ends  of  the  long  bones,  for 
example,  the  ends  of  the  radius  and  ulna  at  the  wrist,  and  the  femur 
and  tibia  at  the  knee,  were  enlarged.  The  shafts  were  slender,  fragile, 
and  soft.  On  examination  of  the  cut  surface  of  the  femur  or  tibia, 
after  longitudinal  section,  the  epiphyseal  cartilage  could  be  seen  to 
be  of  irregular  depth,  and  to  be  separated  from  the  shaft  proper  by 
a  zone  of  white  tissue.  The  cortex  in  some  animals  was  very  thin, 
but  in  others  appeared  thick  and  spongy.  In  these  the  marrow  cavity 
was  narrowed. 

Before  contact  was  established  with  the  metaphysis  all  traces  of 
columnar  arrangement  of  the  proliferative  zone  might  or  might  not  be 
lost,  and  its  cells  frequently  showed  no  traces  of  any  orderly  arrange- 
ment. At  the  same  time  the  cells  themselves  and  their  capsules 
expanded  and  became  globular.  The  nucleus  was  vesicular  with  a 
fine  chromatin  network.  The  cytoplasm  underwent  a  progressive  loss 
of  its  aflBnity  for  basic  dyes  and  the  capsule  became  less  distinct.  In 
this  condition  many  of  the  cartilage  cells  were  incorporated  in  the 
trabeculae  which  formed  the  metaphysis.  In  some  instances  they  re- 
tained their  individuality,  in  other  instances  they  became  indistin- 
guishable from  osteoid  corpuscles.  Many  underwent  a  progressive 
reversion  to  a  form  like  that  of  thin  fusiform  connective  tissue  cells. 
Many  rapidly  degenerated  in  the  trabeculae.  They  became  flattened 
in  the  direction  of  the  long  axis  of  the  bone.  The  fusiform  nuclei 
stained  less  deeply  with  haematoxylin.  Nucleus  and  cytoplasm  became 
less  and  less  distinct,  and  finally  the  cell  disappeared,  leaving  a  space 
in  the  osteoid  which  was  only  to  be  seen  by  its  refractive  edges. 
Usually  the  cartilage  cell  lost  the  characteristics  of  the  parent  tissue 
almost  at  once  after  contact  with  the  metaphyseal  vessels  was  estab- 
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lished,  and  there  was  only  a  moderate  tendency  either  to  overgrowth 

or  to  persistence  of  the  cartilage.    In  other  words  the  change  of  the 

cartilage  c^U  into  an  osteoid  corpuscle  was  very  abrupt  in  relation  to 

the  rate  of  growth  of  the  metaphysis.    Long  tongues  of  unchanged 

cartilage,  however,  persisted,  extending  from  the  epiphyseal  line  into 

the  depths  of  the  metaphysis.    Unchanged  cartilage  cells,  singly  or  in 

^rroups,  could  be  identified,  scattered  about  in  the  metaphyseal  osteoid, 

especially  in  the  periphery  of  the  bone.    Cartilage  cells  which  retained 

^heir  staining  characteristics  in  the  metaphysis  were  apparently  those 

^which  had  been  protected  in  some  way  from  the  influence  of  the  blood 

vessels  with  which  this  region  is  filled.    The  cells  in  the  tongues  of 

cartilage  which  projected  below  the  epiphyseal  line  were  liable  to  a 

:*ever8ion  to  the  morphology  and  the  staining  characteristics  which 

"^vere  shown  by  cells  in  the  proliferative  zone  of  cartilage.    They  were 

ieavily  stained  by  basic  dyes.    The  nucleus  frequently  became  pyk- 

:^iotic,  and  the  cells  were  flattened,  as  though  they  were  under  pressure 

:5n  the  direction  of  the  long  axis  of  the  bone.    They  had  a  tendency 

^o  be  shaped  like  thin  wedges  or  crescents,  or  to  have  a  narrow  elongated 

JlFusif  orm  shape.    Persistence  of  these  tongues  of  cartilage  was  most  apt 

o  occur  at  the  periphery  of  the  bone.    The  cartilage  in  these  animals 

much  more  liable  to  disruption  from  invasion  by  blood  vessels 

'^han  any  other  that  we  have  examined.    Invasion  was  usually  carried 

^Dn  by  single  capillary  loops  which  forced  a  few  cells  out  of  their 

Solaces,  but  in  many  animals  large  areas  of  cartilage  were  destroyed 

V>ef ore  the  inroads  of  large  tufts  of  small  vessels  which  sprouted 

:^rom  the  diaphyseal  trunks.    The  cartilage  contained  no  deposits  of 

X^ime  salts. 

The  metaphyses  of  these  bones  were  in  a  large  part  apparently  the 
X^rodnct  of  the  diaphysis.    Besides  the  tongues  of  cartilage  described 
^bove,  the  metaphyses  contained  cartilage  cells  isolated  or  in  groups. 
These  might  be  unchanged  or  in  any  state  of  transition  into  osteoid 
csorpuscles  or  degeneration.     The  trabeculae  of  osteoid  tissue  which 
%[iade  up  the  greater  part  of  the  metaphysis  were  the  result  largely  of 
the  activity  of  osteoblasts.    They  were  separated,  one  from  the  other, 
ty  spaces  which  contained  the  blood  vessels  and  connective  tissue. 
The  connective  tissue  might  be  dense,  or  delicate,  like  granulation 
tissue.    It  surrounded  the  blood  vessels  and  represented  the  replace- 
ment fibrosis  of  the  marrow  which  is  frequently  seen  in  the  rickets 
of  children,  and  has  been  held  to  have  a  causal  relation  to  disease. 
Fibrosis  of  the  spaces  between  the  trabeculae  in  the  metaphysis  was 
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the  basophilic  cells  found  in  the  neighborhood  of  the  trabeculae. 
Many  evidences  of  actively  progressing  resorption  could  be  found  in 
both  trabeculae  and  cortex. 

The  rats  most  affected  by  the  faulty  ration  displayed  deformities 
of  the  thorax  and  extremities  so  marked  as  to  be  visible  in  the  living 
animal.  The  thorax  was  greatly  flattened  from  side  to  side,  and  the 
lower  part  of  the  sternum,  in  consequence,  was  pushed  forward  with 
the  production  of  the  pigeon  breast  deformity.  The  cartilages  and 
ribs  met  at  sharp  angles  which  pointed  into  the  interior  of  the  thorax. 
The  costo-chondral  junctions  did  not  appear  to  be  greatly  enlarged, 
although  greatly  deformed.  The  posterior  ends  of  the  ribs  were  en- 
larged. The  spinal  column  was  bent.  The  ends  of  the  long  bones,  for 
example,  the  ends  of  the  radius  and  ulna  at  the  wrist,  and  the  femur 
and  tibia  at  the  knee,  were  enlarged.  The  shafts  were  slender,  fragile, 
and  soft.  On  examination  of  the  cut  surface  of  the  femur  or  tibia, 
after  longitudinal  section,  the  epiphyseal  cartilage  could  be  seen  to 
be  of  irregular  depth,  and  to  be  separated  from  the  shaft  proper  by 
a  zone  of  white  tissue.  The  cortex  in  some  animals  was  very  thin, 
but  in  others  appeared  thick  and  spongy.  In  these  the  marrow  cavity 
was  narrowed. 

Before  contact  was  established  with  the  metaphysis  all  traces  of 
columnar  arrangement  of  the  proliferative  zone  might  or  might  not  be 
lost,  and  its  cells  frequently  showed  no  traces  of  any  orderly  arrange- 
ment.    At  the  same  time  the  cells  themselves  and  their  capsules 
expanded  and  became  globular.     The  nucleus  was  vesicular  with  a 
fine  chromatin  network.    The  cytoplasm  underwent  a  progressive 
of  its  aflBnity  for  basic  dyes  and  the  capsule  became  less  distinct.    In 
this  condition  many  of  the  cartilage  cells  were  incorporated  in  th 
trabeculae  which  formed  the  metaphysis.    In  some  instances  they  re 
tained  their  individuality,  in  other  instances  they  became  indistin 
guishable  from  osteoid  corpuscles.     Many  underwent  a  progressiv 
reversion  to  a  form  like  that  of  thin  fusiform  connective  tissue  cells 
Many  rapidly  degenerated  in  the  trabeculae.    They  became  flattene 
in  the  direction  of  the  long  axis  of  the  bone.    The  fusiform  nucle 
stained  less  deeply  with  haematoxylin.    Nucleus  and  cytoplasm  becam 
less  and  less  distinct,  and  finally  the  cell  disappeared,  leaving  a  spac 
in  the  osteoid  which  was  only  to  be  seen  by  its  refractive  edges 
TJsiially  the  cartilage  cell  lost  the  characteristics  of  the  parent  tissu 
almost  at  once  after  contact  with  the  metaphyseal  vessels  was  estate 
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rickets,  while  in  other  rats  they  were  so  poorly  developed  as  to  form 
a  picture  which  may  be  said  to  have  stood  mid-way  between  rickets, 
on  the  one  hand,  and  osteoporosis  on  the  other.     The  pathological 
condition  in  the  bones  of  the  most  severely  affected  animals  fulfilled 
the  ordinary  criteria  regarded  as  essential  for  the  diagnosis  of  ad- 
vanced rickets  in  the  human  being,  (1)  Absence  or  irregularity  in  the 
calcification  of  the  provisional  zone  of  the  epiphyseal  cartilage,  (2) 
Irregularity  in  the  depth  of  the  epiphyseal  cartilage,  the  result  of 
the   irregular  destruction  and   absorption   of  the  cartilage  by  the 
anarrow  elements,  (3)  The  formation  of  a  metaphysis  or  transitional 
2one,  largely  or  entirely  free  from  calcium,  composed  of  a  mixture 
«f  elements  of  the^  cartilage  and  the  shaft,   (4)    The  formation  of 
osteoid  borders  about  the  calcium-ccmtaining  trabeculae  of  the  shaft. 
The  pathological  condition  in  the  most  severe  cases  caused  by  faulty 
nation  2638,  however,  differed  in  certain  details  from  that  usually 
:Sound  in  the  human  subject  of  rickets: 

1.  The  metaphysis  had  a  more  orderly  arrangement.-  It  was  com- 
:p06ed  chiefly  of  broad  trabeculae  which,  though  entirely  uncalcified, 
Xeere  disposed  in  a  more  or  less  regular  manner.  In  the  child  with 
advanced  rickets  the  metaphysis  is  a  mixture  of  cartilaginous  and 
diaphyseal  elements  intermingled  in  the  utmost  confusion. 

2.  The  cartilage  seemed  to  undergo  a  more  sudden  transformation 
xnto  osteoid  than  in  the  human  subject.  In  the  rachitic  child  the 
jDrocess  of  transformation  of  cartilage  into  osteoid,  and  the  degeneration 
of  the  cartilage  seems  to  go  on  slowly.  There  were  found,  however, 
^icattered  through  the  metaphysis  cartilage  cells  in  all  stages  of  de- 
feneration or  reversion  to  early  states  of  development,  or  metaplasia 
ioito  osseous  or  connective  tissue  elements. 

3.  The  evidences  of  resorptive  activity  were  especially  marked. 

4.  Cells  filled  with  basophilic  granules  lay  scattered  about  in  the 
immediate  vicinity  of  the  trabeculae. 

In  the  last  two  respects  the  bones  of  the  rats  on  diet  2638  were 
like  those  found  in  animals  after  feeding  diets  2684  and  2810.    These 
la.st  mentioned  diets  were  characterized  also  by  a  low  calcium  con- 
tent and  an  amount  of  phosphorus  slightly  above  the  lower  limit  of 
the  optimal  for  growth  and  maintenance  in  the  rat.    The  animals  on 
diets  2684  and  2810  were,  however,  supplied  with  a  much  larger 
amount  of  the  fat-soluble  A  in  the  form  of  butter  fat — 2-5  per  cent. 
of  the  total  ration.    The  cartilage  of  certain  rats  on  diet  2638,  how- 
pver,  was  disorganized  to  a  much  greater  extent  than  those  of  animak 
on  2684  and  2810. 
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The  condition  commonly  found  in  the  bones  in  human  rickets  was 
more  closely  imitated  in  the  bones  of  rats  maintained  on  our  diets 
3127,  3143,  and  3133,  which  were  low  in  their  content  of  phosphorus 
and  insufficiently  supplied  with  the  fat-soluble  A,  but  which  contained 

optimal  or  slightly  excessive  amounts  of  calcium  salts  (3).    Compar 

ison  of  the  bones  of  animals,  fed  diet  3133,  with  those  fed  diet  2638 
shows  that  in  the  reaction  excited  by  feeding  the  former  type  of  die 
the  growth  and  persistence  of  cartilage  was  much  more  exaggerated. 
Diets  of  the  type  of  2638  induce  in  the  most  severe  cases  a  pathologica. 
change,  in  the  course  of  which  destruction,  both  of  bone  and  cartilage^^ 
is  much  more  pronounced.     Certainly,  however,  as  is  demonstrate(» 
by  the  illustrations,  the  pathological  condition  produced  by  ratior 
2638  can  be  said  to  have  borne  fundamental  resemblances  to  rickets 
as  that  disease  ordinarily  manifests  itself  in  the  bones  of  the  child,  an 
must  be  considered  as  closely  related  to  the  rickets  of  the  human  bein 
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EXPLANATION  OF  PLATES. 
Plates  I  to  V. 
Fios.  1,  2,  3,  4  and  5.    These  photomicrographs  were  taken  of  eectiona  f; 
the  distal  ends  of  the  femura  of  rats  which  had  been  given  the  diet  of  lot  2 
These  >>ones  show  every  gradation  l)otween  severe  rickets  (Fig.  1)  and  a  eondi' 
in  which  osteoporosis  is  almast  completely  developed  (Fig.  5)^  with  intense  rei 
tion  and  complete  calcification  of  the  proliferative  cartilage. 

Plate  VL 

Fig.  6.    Higher  magnification  than  the  preceding  figures,  to  show  the  per 
enco  of  the  cartilage  ccUh,  their  degeneration  and  the  invasion  of  the  cartilage?  ^ 

blood  x-espels.    Leitz  achromatic  objective  No.  3,    No  ocular. 

Fig.  7.     High  iK)wer  photomicrograph  showing  osteoid  tissue  about  the  tra- 
ulae  of  bone.    Loitz  achromatic  objective  No.  6.    No  ocular, 

Plate  VII. 

Fio.  8.     Tliis  i»ictiire  shows  in  detail  the  •'  degeneration  "  of  the  cartilage  * 
and  tlicir  direct  transfonnatiou  into  osteoid  corpuscles.    Leitz  achromatic  obj 
No.  6.    No  o<-ular. 

Fig.  9.     Larpe  c»lls  with  basophilic  granulations  (connective  tissue  mast  c 
clustoro.l  about  trabrtnilae  whicli  show  marked  signs  of  resorption.     Leitz 
matic  objevtive  No.  G.    Xo  cM-ular. 
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For  at  least  two  years  our  attention  has  been  attracted  to  the  possi- 
bility of  the  existence  of  more  than  one  kind  of  rickets.     That  is, 
under  the  head  of  rickets  may  be  included  more  than  one  kind  of 
disturbance  of  the  mineral  metabolism  of  the  body  which  manifests 
itself  in  a  characteristically  defective  growth  and  calcification  of  the 
bones.     The  possibility  was  suggested  by  a  series  of  clinical  observa- 
tions  concerning   the   association   of   rickets   with   other   diseases   or 
|>athological  conditions  and  certain  peculiar  manifestations  of  rickets 
itself  in  some  children.    Inasmuch,  however,  as  the  idea  of  the  duality 
or  multiplicity  of  rickets  rested  solely  on  clinical  observations  which, 
at  most,  were  only  of  a  suggestive  nature,  we  have  never  felt  justified 
in  presenting  it  as  a  definite  hypothesis.     But,  recently,  our  experi- 
ments with  the  rat  have  yielded  results  which  strongly  suggest  that 
there  may  be  two  distinct  forms  of  the  disease. 

EXPERIMENTAL     EVIDENCE 

In  previous  publications  ^  we  have  described  certain  defective  diets 
which,  when  fed  to  the  young  rat,  produce  marked  disturbances  in 

*  From  the  Laboratory  of  the  Department  of  Chemical  Hygiene,  School  of 
Hygiene  and  Public  Health,  the  Johns  Hopkins  University. 

1.  Shipley,  P.  G. ;  Park,  E.  A.;  McCollum,  E.  V.,  and  Simmonds,  Nina: 
Studies  on  Experimental  Rickets.  HI.  A  Pathological  ^^ondition  Bearing  Funda- 
mental Resemblances  to  Rickets  of  the  Human  Being  Resulting  from  Diets  Low 
in  Phosphorus  and  Fat-Soluble  A :  The  Phosphate  ion  m  Its  Prevention,  Johns 
Hopkins  Hosp.  Bull.  82:160  (May)  1921.  McCollum,  E.  V.;  Simmonds,  Nina; 
Shipley,  P.  G.,  and  Park,  E.  A.:  VL  The  Effects  on  Growing  Rats  of  Diets 
Deficient  in  Calcium,  Am.  J.  Hygiene  1:492  (July)  192L  McCollum,  E.  V. ; 
Simihonds,  Nina;  Shipley,  P.  G.,  and  Park,  E.  A.:  VHL  The  Production  of 
Rickets  by  Diets  Low  in  Phosphorus  and  Fat-Soluble  A,  J.  Biol.  Chem.  47:507 
(Aug.)  192L  Shipley,  P.  G. ;  Park,  E.  A.;  McColluni,  E.  V.,  and  Simmonds, 
Nina:    XVII.    Am.  J.  Hygiene  2:    1922. 


the  growth  and  calcification  of  the  skeleton.  The  diets  in  question 
were  alike  in  being  insufficiently  supplied  with  a  factor  or  factors 
present  in  cod  liver  oil  but  differed  from  each  other  considerably  in 
the  composition  of  their  mineral  fraction,  chiefly  as  regards  the  calcium 
and  phosphorus.  They  may  be  divided  into  two  groups  according  to 
the  relative  amounts  of  those  two  elements  present.  In  one  group  the 
phosphorus  was  at  a  low  level  but  the  calcium  at  or  above  the  level 
which  would  be  optimal  if  all  other  dietary  factors  were  satisfactory. 
In  the  other  group  the  calcium  was  at  an  extremely  low  level  but  the 
phosphorus  was  not  far  from  the  optimal. 

When  the  diets  of  the  first  group  (those  in  which  the  phosphorus 
was  deficient  and  the  calcium  phosphate  ratio  high)  were  fed  to  young 
rats  living  under  ordinary  laboratory  conditions  (room  light),  a  patho- 
logic condition  of  the  skeleton  developed,  identical  in  all  essential  par- 
ticulars with  that  seen  in  the  rickets  of  human  beings.  The  costochondral 
junctions  were  greatly  enlarged;  in  some  animals  the  thoracic  wall 
was  sunken  at  the  sites  of  the  costochondral  junctions;  the  shafts 
of  the  ribs  were  fractured  (Fig.  1).  The  long  bones  of  the  extremities 
were  enlarged  at  the  ends  and  could  be  cut  easily.  Between  shaft  and 
cartilage  was  a  yellowish-white  zone  from  two  to  three  millimeters 
deep — ^the  rachitic  metaphysis.  The  proliferative  cartilage  extended  in 
irregular  prolongations  toward  the  shaft.  Calcium  deposition  in  the 
cartilage  was  entirely  lacking  or  extremely  defective.  The  inter- 
mediate zone  between  cartilage  and  shaft  was  of  a  composition  identical 
with  that  found  in  the  metaphysis  of  the  bones  of  rachitic  children. 
It  was  composed  of:  cartilage  in  all  stages  ot  metaplasia  or  degen- 
eration into  a  material  indistinguishable  from  the  osteoid;  trabeculae 
consisting  of  osteoid;  blood  vessels;  marrow  elements;  scattered, 
irregular  deposits  of  calcified  material  encased  in  osteoid;  and  con- 
nective tissue.  These  were  intermingled  in  a  disorderly  manner.  The 
trabeculae  of  the  shaft  were  surrounded  by  broad  investments  of  osteoid 
(Figs.  2,  3  and  11). 

When  the  diets  of  the  second  group  (those  in  which  the  calcium 
was  deficient,  the  phosphorus  at  a  level  not  far  from  the  optimal  and 
the  calcium-phosphate  ratio  low)  were  fed  to  rats  kept  under  ordinary 
laboratory  conditions  (room  light),  a  diseased  condition  of  the  skeleton 
developed  which  also  bore  marked  resemblances  to  the  lesions  found 
in  the  rickets  of  human  beings.  The  gross  deformities  caused  by  the 
second  group  of  diets  were  as  great  or  greater  than  those  caused  by 
the  first  group  and  corresponded  exactly  to  the  deformities  found  in 
rachitic  children.  The  thorax  was  even  more  deformed  than  in  the 
rats  fed  the  diets  of  the  first  group ;  it  was  flattened  from  side  to  side 
and  marked  by  deep  grooves  which  followed  the  costochondral  junc- 


-ckms;  the  angular  deformities  produced  at  the  junction  of  the  costal 
<=artilages  and  the  shafts  projected  into  its  intenor;  the  costochondral 
j  unctions  were  enlarged  and  greatly  distorted ;  fractures  in  the  shafts 
of  the  ribs  were  especially  numerous  {Fig,  4),  The  lower  ends  of 
radius  and  ulna  were  enlarged  as  were  also  the  ends  of  all  the  long 
l>ones  of  the  extremities  and  the  bones  were  extremely  soft  and  weak. 
Between  the  cartilage  and  the  shaft  was  a  white  intennediate  zone  one 
to  three  millimeters  deep.  Microscopic  examination  showed  that  the 
cartilage  was  entirely  or  nearly  free  from  calcium  and  was  invaded  in 


"  'R.l.— Pleural  aspect  of  ihorax  of  a  rat  which  had  developed  rickets  r 
3,143   high   ill   calcium   and   proportionately   low    in   phosphorus. 


'^Tegular  manner  by  the  vascular  elements  of  the  shaft.  In  conse- 
""^ce,  the  cartilage  extended  toward  the  shaft  in  irregular  prolonga- 
tions, The  cells  of  the  cartilage  in  proximity  to  the  shaft  showed 
'^•'iences  of  degeneration  and  metaplasia.  The  intermediate  zone  was 
■^posed  of  cartilage  in  a  more  or  less  degenerated  state,  osteoid 
ttabeculae,  blood  vessels  surrounded  by  marrow  elements,  and  a  few 
deposits  of  calcium  for  the  most  part  situated  near  the  periphery  and 
connective  tissue.  The  trabeculae  of  the  shaft  were  bordered  by  rather 
broad  zones  of  osteoid.  A  loosely  arranged  fibrous  tissue  invested 
many  of  the  trabeculae  and  in  those  places  in  which  it  filled  in  the 


spaces  between  the  trabeculae,  it  gave  rise  to  histologic  pictures  wV^*-^^ 
closely  resembled  those  furnished  by  the  fibrous  marrow  in  the  ricl-*^  ^^^ 
of  human  beings  (Figs.  5,  7,  8  and  10). 

The  pathologic  condition  induced  in  the  bones  by  the  diets  of  the  ^»-  sec- 
ond group  did  not,  however,  correspond  at  all  points  to  that  usually  foi ^  "' 

in  the  human  subjects  of  the  disease.     The  metaphysis  was  compo    ^    -j^ 
in  larger  part  of  osteoid  trabeculae.     Though  these  osteoid  trabec 


1  bone  showing  low  ]iliosplioriis  rickets, 
cartilage,  the  very  wide  metaphysis.  ar 
Icificil  Irnlieculae  of  the  shaft. 


were  tree  friiin  calcium  deiM)silion.  ihey  nevertheless  retained  a  certai^ 
semblatici-   of    i.irderly   arrjmgenietii .      The   osteoid    zones    about  tl^*" 
trabeculai.'  were  not  always  .10  bniad  as  in  the  rats  on  the  diets  of  th^ 
first  group,  Ihnugh  they  were  quite  as  brnad  as  the  osteoid  border' 
in  the  hone-;  of  rachitic  children    (Figs,  (i  and  7).     Cells  evidcntl;^ 


lerived  from  the  fixed  tissues  with  large  basophilic  granulations  were 
lumerous  in  the  immediate  vicinity  of  the  trabeculae  (Fig.  9).  Resorp- 
ive  activity  was  exceedingly  marked. 

The  abnormal  condition  of  the  skeleton  produced  by  the  faulty 
iets  of  the  second  group  corresponded  to  that  found  in  human  beings 
■ilh  rickets  in  all  fundamental  respects,  namely,  the  degenerative  and 
letaplastic  changes  of  the  cartilage,  the  complete  absence  or  defective 
laracter  of  the  calcification  of  the  cartilage,  an  abnormal  amount  of 


Fig.  3. — High  calcium  rickets  iii  an  animal  on  diet  3,133. 
lins  2  per  cent,  added  calcium  carbonate  instead  of  3  per  o 
,143.  Note  the  linear  deposit  of  calcium  in  the  melaphysis,  v 
bortive  attempt  to  heal. 


steoid  production,  irregular  invasion  of  the  cartilage,  and  the  produc- 
ion  of  a  rachitic  intermediary  zone.  While  one  of  the  diets  in  question 
diet  2638)  did  not  give  absolutely  constant  results  in  all  animals,  in 
ome  it  produced  a  pathologic  condition  corresponding  to  that  found  in 
ickets  of  human  beings  even  in  its  minor  details. 


DISCUSSION 

Our  experiments  make  it  clear  that,  when  the  rat  is  deprii 
certain  active  light  rays  and  an  unidentified  factor  contained  in  cot 
oil,  a  pathological  condition  corresponding  in  all  fundamental  re 
to  rickets  in  human  beings  can  be  produced  through  the  diet  i 
ways:  (1)  by  diminishing  the  phosphorus  and  supplying  an  o; 
amount  or  an  excess  of  calcium,  or  (2)  by  reducing  the  calciui 
maintaining  the  phosphorus  at  a  concentration  somewhere  ne: 
optimum.  In  the  first  the  calcium :  phosphate  ratio  is  large,  i 
second  small.  We  are  certain  that  in  the  human  being  sin 
deprived  of  light  and  the  unidentified  factor  it  would  also  be  pc 
to  produce  true  rickets  through  a  manipulation  of  the  calcium  and 
phate  of  the  diet  in  the  two  ways  mentioned. 


calcium. 

As  a  result  of  our  experiments  we  are  led  to  believe  that  the 
two  main  kinds  of  rickets.  One  is  characterized  by  a  normal  or 
normal  blood  calcium  and  a  low  blood  phosphorus  (low  phos[ 
rickets)  ;  the  other  by  a  normal  or  nearly  normal  blood  phosj 
but  a  low  blood  calcium  (low  calcium  rickets).  The  investig 
of  Howland  and  Kramer^  and  of  Kramer,  Tisdal!  and  Howlan 


2.  Howland,  J.  and  Kramer.  B.;    Calcium  and  Phosphorus  in  the  Se 
Relation  to  Rickets.  .Xm.  J.  Dis.  Child.  M:10S  (.^ug.)   1921. 

3.  Kramer.  B, ;  Tisdall.  F.  F..  and   Howland.  J. :    Observations  on   It 
Tetany.  Am.  J.  Dis.  Child.  M:431   (Nov.)  1921. 


tHe  calcium  and  phosphorus  content  of  the  blood  serum  in  rickets  and 
tetany  have  given  suggestive  evidence  in  support  of  this  idea.  These 
observers  found  that  in  children  suffering  from  rickets  alone,  the 
phosphorus  of  the  blood  serum  is  low,  and  the  calcium  not  far  removed 
from  the  normal;  in  children  suffering  from  manifest  tetany  compli- 
ca.tjn^  rickets,  on  the  other  hand,  the  calcium  is  low  but  the  phosphorus 
not     far  removed  from  normal. 


C^^»-"K'.  5. — Low  power  micropliotograph  showing  low  calcium  rickets.  The 
»«»^_^  *^ge  is  extremely  irregular,  and  many  cells  have  undergone  metaplasia 
&^^.^  ^^steoid  tissue.  There  are  long  tongues  and  islands  of  cartilage  to  be 
>n  the  nietaphysis,  which  contains  almost  no  calcified  bone.  Magnifica- 
^70. 


«o^ 


^^^     •'iickels  and  Tetany. — As  is  well  known,  tetany  complicates  certain 

^^^*s  of  rickets  but  not  by  any  means  all.    Cases  of  rickets,  even  very 

jj.     ^*"«  rickets,  exist  in  which  tetany  does  not  supervene,  and,  in  all 

*>hood,  never  will.     In  other  cases  of  rickets  tetany  either  in  the 


manifest  or  in  the  latent  form  is  present  for  weeks  and  numerous 
observers  have  pointed  out  that  it  is  with  the  less  severe  forms  of 
rickets  that  tetany  usually  allies  itself.  Furthennore,  experience  has 
shown  that  a  cure  in  rickets  accompanied  by  tetany  is  most  easily 
accomplished  through  the  administration  of  calcium  and  cod  liver  oil 
or  calcium  and  heliotherapy,  whereas  in  rickets  uncomplicated  with 
tetany  the  cure  is  most  readily  accomplished  by  means  of  the  administra- 
tion of  cod  liver  oil  or  heliotherapy  with  or  without  phosphate.     The 


Fig.  6.— Microphotograph  showing  detail  in  the  metaphysis  o(  the  bone 
(Fig.  3).  Note  the  invasion  of  the  cartilage  by  blood-vessels,  its  prolongation 
into  the  metaphysis,  and  the  line  of  calcification  (Ca)  in  the  metaphysis  which 
marks  the  occurrence  of  an  aborted  healing  process. 

chemistry  of  tetany,  its  occurrence  in  some  cases  of  rickets  but  not 
in  all,  and  the  fact  that  the  successful  form  of  treatment  differs  with 
the  presence  or  absence  of  tetany,  rather  strongly  suggest  that  rickets 
with  tetany  and  rickets  without  tetany  are  distinct  forms  of  metabolic 
disturbance  affecting  the  skeleton. 


Recently  Huldschinsky  *  has  advanced  the  view  that  tetany  is 
othing  more  or  less  than  a  symptom  complex  of  healing  rickets. 
Vhile  it  is  possible  for  tetany  to  occur  witli  a  healing  rickets,  clinical 
bservation  alone  is  enough  to  show  that  tetany  does  not  ordinarily 
ave  that  relationship  to  tiie  disease.  We  iiavc  repeatedly  seen  chil- 
ren  with  rickets  of  the  greatest  severity  undergo  treatment  with  cod 
ver  oil  and  have  followed  the  healing  process  in  the  bones  by  means 
t  the  roentgen  ray.  None  of  the  children  ever  showed  the  slightest 
^idence  of  tetany  during  the  process  of  cure. 
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Fig.  7.— Low   calcii 


■    fif   ; 


It  is  undoubtedly  true,  however,  that  in  some  cases  of  rickets 
xx:ompanied  by  tetany  the  roentgen  ray  shows  deposition  of  lime  salts 
it  the  cartilage- shaft  junctions  of  the  long  bones  of  the  extremities, 
fhe  reason  for  this,  according  to  the  present  trend  of  our  investiga- 
ions,  is  in  many  instances  as  follows :  In  the  low  calcium  and  the 
lOW  phosphorus  forms  of  rickets,  calcium :  phosphate  ratios  exist  in 

ie   (lurch   Ultravioletlieht, 
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the  blood  which  do  not  permit  at  all  or  permit  only  to  a  very  limited 
extent  the  deposition  of  calcium  phosphate  in  the  bones.  Between  the 
low  calcium  form  of  the  disease  and  the  normal  condition,  on  the  one 
hand,  and  the  low  phosphorus  form  and  the  normal  condition  on  the 
other,  are  innumerable  gradations,  presumably  characterized  by  calcium : 
phosphate  ratios  in  the  blood,  very  probably  oscillating  ratios,  which 
permit  calcium  jrfiosphate  deposition  in  varying  degree,  from  the  most 


diet 


Fig.  8. — Low  calcium  rickets  from  a  rat  on  diet  3,041.  This  diet 
same  amount  of  calcium  as  diet  2,638,  but  the  phosphate  conten 
ilightly  higher. 


fragmentary  to  almost  complete  calcification  (Figs.  3  and  6).  In  con- 
nection with  both  the  low  calcium  and  the  low  phosphorus  forms  of 
rickets,  therefore,  there  are  borderline  states  of  the  disease  in  which  the 
calcium :  phosphate  ratios  are  such  as  to  permit  calcium  phosphate 
deposition  to  take  place  irregularly  or  intermittently  in  the  bones.  With 
the  borderline  cases,  in  particular  those  connected  with  the  low  calcium 
form  of  the  disease,  we  believe  tetany  to  be  frequently  associated. 
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r  experiments  indicate  that  deposits  of  calcium  salts  at  the 
seal  line  may  occur  as  a  result  of  (1)  healing  in  the  low  phos- 
form  of  rickets,  (2)  healing  in  the  low  calcium  form  and  (3) 
onstantly  occurring  or  recurring  phenomenon  in  the  borderline 
of  the  disease.  With  the  first  we  believe  that  tetany  is  rarely 
ted  and  then,  usually  certainly,  only  in  the  latent  form ;  with 
»nd,  tetany  may  be  associated ;  with  the  third  we  believe  it  to 
3uently  associated. 


9. — High    power    niicroph olograph    showing    basophil 
ar  the  trabeculae  of  bone  in  the  shad  of  an  animal  with  low  calcium 
diet  3,141. 

x>rding  to  present  knowledge,  the  relationship  between  tetany 
:kets  appears  to  be  as  follows :  Tetany  is  an  expression  on  the 
f  the  nervous  tissues  of  an  insufficiency  of  the  calcium  ion ; 

is  an  expression  on  the  part  of  the  skeleton  of  disturbed 
IS  between  the  calcium  and  phosphate  ions.     The  reason  that 

is  so  frequently  associated  with  rickets  is  because  rickets  is  a 


12 

disease  in  which  the  calcium  ion  in  the  body  tissues  and  fluids  is  sub 
ject  to  wide  variations.  Tetany  occurs  independently  of  rickets,  i**' 
as  rickets  occurs  independently  of  tetany.  Since  tetany  may  oc«=^ 
with  the  low  phosphorus  form  of  rickets,  it  does  not  serve  to  mark  * 
one  form  of  rickets  from  the  other.  Tetany  is  essentially  associa-"*-' 
however,  with  the  low  calcium  form,  and.  for  all  practical  purpo  — 
the  low  calcium  form  of  rickets  is  the  rickets  of  tetany. 


Fig.  10. — High  power  micropliotoerapU  to  sho* 
ise  of  low  calcium  rickels.     Magnification   X  375. 


Rickets  and  "Renal  Dz<.-arfisiii." — Recently  Barber,  Patterson  at* 
others  have  described  children  and  young  adults  who  were  undersize'^ 
had  rachitic  deformities,  and  at  the  same  time  were  the  subjects  c3 
severe  forms  of  chronic  interslitial  nephritis  or  developmental  defeC 
of  the  kidney.  To  the  syndrome  of  symptoms  which  they  exhibited 
Barber  gave  the  name  "renal  dwarfism."  The  age  of  one  of  Patted 
son's  patients  was  only  one  year  and  9  months,  but  all  others  weT" 


between  6  and  20  years  of  age.  If  the  infant  described  by  Patterson 
be  excepted,  the  height  was  from  6  to  16  inches  under  tlie  average  for 
the  age,  and  the  rickets  was  peculiar  in  that  it  was  a  late  and  gradual 
devciopinent  (rachitis  tarda).  The  disturbance  of  renal  function  in 
some  of  the  cases  was  known  to  be  extreme. 

We  have  seen  a  child,  aged  31^  years,  whose  case  belongs  in  this 
cat^fory.  The  rachitic  deformities  were  extreme.  Moreover,  the 
changes  in  the  bones,  as  revealed  by  the  roentgen  ray  and  histolc^c 
ocamination,  were  most  extensive  and  diifered  from  the  changes 
ordinarily   found   in   rickets.     The    proliferative   cartilage   was   most 


. — This   picture   shi,., 

_    .ase   of    low    phasphi 

-  magnitication  as  in  Figui 

J      ^fetilar  and  the  calcificatton  defective.    In  the  deep  metaphysis  were 

^.    ^T^  islands  of  cartilage  bordered  on  one   or  more  sides  by  dense 

-      ^i^im  deposits.     Those  islands  of  cartilage  gave  to  the  metaphysis, 

^^en  in  the  roentgenogram,  a  honeycomb  appearance.    The  trabeculae 

(^    ^"^  thin  and  the  osteoid  borders,  comparatively   speaking,  narrow. 

^^I'ounding  the  trabeculae  and  islands  of  cartilage  and  lying  between 

^*^  was  a   loose   fibrous   tissue.     Obviously,   for  a  long   time   the 

^^■lologic  condition  in  the  bones  had  been  in  a  state  of  flux  between 


Ia. 


'^^ling  and  relapse.     The  specific  gravity  of  the  urine  was  low  : 
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appeared  to  be  fixed.  Albumen  was  constantly  present.  Several  attacks 
which  were  thought  to  be  uremic  acidosis  occurred.  After  death  the 
kidneys  were  found  to  be  exceedingly  small  and  were  defectively 
developed. 

The  histologic  condition  found  in  the  bones  of  the  infant  described 
by  Patterson  appears  to  have  been  exactly  similar. 

It  seems  possible  to  us  that  the  rickets  which  develops  in  the  sub- 
jects of  "renal  dwarfism"  has  its  origin  in  the  extreme  functional 
disability  of  the  kidney  and  may  belong  to  the  low  calcium  form  of 
the  disease,  i.  e.,  that  it  may  be  dependent  on  an  inability  of  the  kidney 
properly  to  excrete  phosphate.  If  our  suggestion  should  prove  to  be 
correct,  a  true  "renal  rickets"  exists  and  rickets  under  certain  condi- 
tions may  have  an  endogenous  origin. 

The  Rickets  Occurring  in  Children  Suffering  from  the  Severer 
Secondary  Anemias, — Some  infants  develop  a  marked  anemia  which  is 
apparently  independent  of  concurrent  infection.  In  many  instances,  it 
seems  probable  that  this  anemia  is  of  dietetic  origin,  since  breast  feed- 
ing, or  a  diet  almost  entirely  composed  of  cow's  milk,  has  been  unduly 
prolonged.  The  blood  picture  is  that  of  a  secondary  anemia  but  some- 
times corresponds  to  the  picture  generally  known  as  von  Jaksch's 
anemia.  The  children  showing  this  abnormal  condition  of  the  blood 
regularly  show  rickets.  The  rachitic  deformities  are,  however,  some- 
what different  from  those  ordinarily  seen  and  are  fairly  uniform. 
The  frontal  and  parietal  eminences  are  large  and  the  r^ons  of  the 
sagittal  and  coronal  sutures  often  appear  sunken.  The  enlargement 
of  the  costochondral  junctions  and  the  ends  of  the  long  bones  of  the 
extremities  is  moderate  and  the  degree  of  involvement  at  the  cartilage- 
shaft  junctions  does  not  seem  to  be  advanced.  The  involvement  of 
the  skull  appears  to  be  out  of  proportion  to  the  involvement  of  the 
bones  of  the  extremities  or  of  the  thorax. 

We  can  form  no  definite  idea  concerning  the  nature  of  the  dis- 
turbance in  the  metabolism  which  causes  the  rickets  in  the  children 
suffering  from  severe  secondary  anemia.  Probably  the  rickets  and  the 
anemia  have  a  common  origin,  or  are  connected  in  some  way.  In  any 
event  it  is  interesting  that  in  a  recent  series  of  experiments  Happ  * 
was  able  to  produce  the  most  severe  anemia  and  rickets  in  the  rat  by 
feeding  certain  diets  extremely  low  in  calcium.  The  experiments  of 
Happ  might  indicate,  therefore,  that  the  rickets  accompanying  the 
severe  so-called  "alimentary"  anemias  belong  to  the  low  calcium  form 
of  the  disease.  Children  showing  the  peculiar  combination  in  question, 
however,  failed  to  show  evidences  of  tetany.  It  seems  to  us  possible 
that  the  rickets  accompanying  the  alimentary  anemias  may  represent 


5.  Happ,  W.  M. :    In  press  (Personal  communication). 


a  somewhat  different  kind  of  disturbance  in  the  mineral  metabolism 
from  the  ordinary  forms  of  the  disease.    Evidently  another  tissue,  the 
blood,  which  is  not  regularly  affected  in  rickets,  is  included  in  the 
metabolic  disturbance. 

We  are  prepared  to  find  the  etiology  of  rickets  as  varied  as  the 
etiology  of  tetany.    Tetany  was  once  considered  to  be  an  entity.    Now, 
it  is  necessary  to  regard  it  as  a  symptom  complex  which  can  be  pro- 
duced experimentally  in  a  variety  of  ways  and  which  occurs  naturally 
in   several  conditions.     Tetany  may  be  produced  by  excision  of  the 
parathyroid  glands,  by  the  injection  into  the  blood  stream  of  sodium 
phosphate  or  of  sodium  bicarbonate,  by  diets  high  in  sodium  phosphate 
and  by  the  creation  of  gastric  fistula  which  result  in  the  loss  of  the 
gastric  secretions.    It  occurs  spontaneously  in  association  with  rickets 
and   sometimes  dilatation  of  the  stomach.     We  should  suppose  that 
any  influence  which  would  result  in  the  depression  of  the  calcium  or 
the  phosphorus  ions  in  the  body  fluids  with  the   formation  of  the 
calcium :  phosphate  ratios  favorable  for  the  development  of  rickets  if 
continued  long  enough  would  produce  the  disease  and  that  there  might 
be  several  such  influences. 

CONCLUSIONS 

1.  Our  experiments  make  it  clear  that  when  the  rat  is  deprived  of 
certain  active  light  rays  and  an  unidentified  factor  contained  in  cod 
liver  oil,  a  pathologic  condition  corresponding  in  all  fundamental 
respects  to  rickets  in  human  beings  can  be  produced  through  the  diet 
in  two  ways:  (1)  by  diminishing  the  phosphorus  and  supplying  the 
calcium  in  optimal  quantities  or  in  excess,  or  (2)  by  reducing  the 
calcium  and  maintaining  the  phosphorus  at  a  concentration  somewhere 
near  the  optimum. 

2.  We  believe  it  to  be  certain  that  in  the  human  being,  similarly 
deprived  of  light  and  the  unidentified  factor,  it  would  also  be  possible 
to  produce  true  rickets  through  an  adjustment  of  the  calcium  and 
phosphorus  of  the  diet  in  the  two  ways  mentioned. 

3.  As  the  result  of  our  experiments  we  are  led  to  believe  that  there 
are  two  main  kinds  of  rickets.  One  is  characterized  by  a  normal  or 
nearly  normal  blood  calcium  and  a  low  blood  phosphorus  (low  phos- 
phorus rickets)  ;  the  other  by  a  normal  or  nearly  normal  blood 
phosphorus  but  a  low  blood  calcium  (low  calcium  rickets). 

4.  If  the  hypothesis  just  stated  is  correct,  the  relation  of  tetany 
to  rickets  would  appear  to  be  as  follows :  Tetany  is  essentially  an 
expression  on  the  part  of  the  nervous  tissues  of  an  insufficiency  of  the 
calcium  ion;  rickets  is  essentially  an  expression  on  the  part  of  the 
skeleton  of  disturbed  relations  between  the  calcium  and  phosphate  ions 
of   the   body   fluids.     Tetany   is    frequently   associated    with   rickets 
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because  rickets  is  a  disease  in  which  the  calcium  ion  in  the  body  tissues 
and  fluids  is  subject  to  variations.  Tetany  occurs  independently  of 
rickets,  just  as  rickets  occurs  independently  of  tetany.  Since  tetany 
may  occur  with  the  low  phosphorus  form  of  rickets,  it  does  not  serve 
to  mark  off  one  form  of  rickets  from  the  other.  Tetany,  however,  is 
essentially  associated  with  the  low  calcium  form  of  rickets,  and,  for  all 
practical  purposes,  the  low  calcium  form  of  rickets  is  the  rickets  of 
tetany. 

5.  It  seems  possible  that  the  etiology  of  rickets  may  be  as  varied 
as  the  etiology  of  tetany.  Our  experiments  lead  us  to  suppose  that  in 
the  absence  of  certain  active  light  rays  and  an  unidentified  dietary 
factor  contained  in  cod  liver  oil,  any  influence  which  would  result  in 
the  depression  of  the  calcium  or  phosphate  ions  in  the  body  fluids  with 
the  formation  of  calcium :  phosphate  ratios  favorable  for  the  develop- 
ment of  rickets  would  ultimately  produce  the  disease.  We  are  prepared 
to  think  that  there  may  be  several  such  influences. 

6.  For  some  time,  as  the  result  of  clinical  observations  concerning 
curious  associations  of  rickets  with  other  pathologic  conditions  and 
certain  peculiar  manifestations  of  the  disease  in  some  children,  our 
attention  has  been  attracted  to  the  possibility  of  the  existence  of  more 
than  one  kind  of  rickets.  In  the  light  of  our  experiments  we  suggest 
the  possibility  that  there  may  be  a  true  renal  rickets  and  that  the  rickets 
accompanying  the  alimentary  anemias  may  represent  a  somewhat 
different  kind  of  disturbance  in  metabolism  from  that  which  is  present 
in  the  ordinarv  forms  of  the  disease. 
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STUDY  ON  EXPERIMENTAL  RICKETS.   XIX. 

Tub  Prevention  of  Rickets  in  the  Rat  by  Means 

OF  Radiation  With  the  Mercury 

Vapor  Quartz  Lamp 

By  G.  F.  Powers  and  E.  A.  Park 
P.  G.  Shipley 
•     E.  V.  McCollum  and  Nina  Simmonds 

[School  of  Hygiene,  Johns  Hopkins  University,  Baltimore,  Md,) 

In  a  previous  article^  we  showed  that  when  rats  were  [125] 
placed  on  a  rickets-producing  diet  (diet  3143)  they  did 
BOt  develop  rickets  if  they  were  exposed  to  direct  sun- 
light 


1  The  Prevention  of  the  Development  of  Rickets  in  Rats  by 
Banligfat.  XI.  P.  G.  Shipley,  Dept.  of  Pediatrics.  Johns  Hopkins 
University,  Baltimore,  Md.,  E.  A.  Park,  G-.  F.  Powers,  Dept.  of 
Pediatrics,  Yale  University,  New  Haven,  Conn.,  E.  V.  McCol- 
Uua  and  Nina  Simmonds,  School  of  Hygiene,  Johns  Hopkins 
tJniversity,  Baltimore,  Md.  Proc.  8oc,  for  Exper.  Biol,  and  Med., 
Oct.  19,  1921. 

STUDIES  OxV  BXPERIME3NTAL.  RICKEJTS.  XIV.  The  Pre- 
Vention  of  the  Development  of  Rickets  in  Rats  by  Sunlight. 
P.  G.  Shipley.  Dept.  of  Pediatrics.  Johns  Hopkins  University, 
Baltimore,  Md.,  EL  A.  Park,  G.  F.  Powers,  Dept.  of  Pediatrics, 
Tale  University,  New  Haven,  Conn.,  E.  V.  MicCollum  and  Nina 
Kmanonds,  School  of  Hygiene.  Johns  Hopkins  University,  Bal- 
tlniore,  Md.  Jour.  Am.  Med,  Assn.,  Jan.  21,  1922,  Vol.  78,  pp. 
159-165. 
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[126]  As  the  experiments  progressed,  certain  differences  io 
the  behavior  of  the  two  groups  of  animals  were  ob8er?ed- 
The  rayed  animals  were  extremely  active,  the  contrast 
between  the  two  groups  bec<Hning  more  and  more  marked 
and  reaching  its  maximum  in  the  second  third  of  the 
experimental  period.  Whenever  any  one  came  near  tke 
cage  in  which  these  animals  were,  a  constant  scurrying  to 
and  fro  was  almost  always  the  striking  feature  observed  - 
Not  only  were  the  control  animals  markedly  less  active^ 
but  their  gait  was  distinctly  waddling  in  character  afteir 
the  third  or  fourth  week  of  the  experiment.  The  disabiL- 
ity  of  the  control  animals  was  well  illustrated  by  the  fac^ 
that  toward  the  end  of  the  experiments  seven  of  th^ 
animals  got  out  of  their  cage  and  were  all  recovered  witb 
relatively  little  difficulty. 

The  rayed  animals  always  seemed  to  be  hungry  and,  al- 
though  the  food  given  to  each  group  was  not  measured,  i'^ 
was  obvious  that  the  amount  consumed  by  the  animals  Re- 
ceiving mercury  lamp  radiations  greatly  exceeded  tha^ 
consumed  by  those  in  the  control  group.  Increased  appe- 
tite, then,  was  a  striking  characteristic  of  the  rajecl 
animals.        ...  . , 

One  of  ihe  r&yiSA  agimals  gave  birth  to  six  young  on  thi^ 
thirty-seveiifl^'daj:  .of  the  experiments. 

The  autopsies  revealed  many  differences  in  the  animala* 
As  shown  in  the' !^oUp wing  table,  the  measurements  com^- 
borate  the  bbis^rvations  made  as  to  the  better  physical 
development  of  the  animals  e;;xposed  to  the  radiation? 
from  the  mercury  vapor  quartz  lamp.  p^  ^ 

IncretM  ia 
Control  Radiated  Radiated  oi«r 

Animala  (8)        Animab  (9)  Coatrob 

Average  Weight                        140  grams.  157  grams.  12 

Average  Nose-Tail  Length        31.6    cm.     34.5    cm.  9 

Average  Nose-Rump  Length    15       cm.     16.1    cm.  7 

Average  Tail  Length                 16.6    cm.     18.4    cm.  lO 

The  hair  of  the  rayed  animals  was  noticeably  thicker 
and  coarser  than  that  of  the  control  animals.  The  hair 
on  the  backs  of  the  albino  rats  exposed  to  ultra-violet 
rays  was  tinted  a  slight  lemon  yellow.  There  was  no 
enlargement  of  the  epiphyseal  junctions  in  the  rayed  ani- 
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mak    On  opening  the  bodies  of  the  rayed  animals  the  C 12  6] 
most  striking  feature  was  the  great  amount  of  fat  de- 
posited in  the  subcutaneous  tissue  and  in  the  peritoneal 

canty.  In  some  animals  this  deposition  was  tremen- 
dous.   It  occurred  in  some  of  the  control  rats  but  was 

never  great.  The  muscular  development  of  the  rayed 
rats  was  better  than  that  of  the  control  animals.  There 
were  no  deformities  of  the  thorax  and  no  gross  evidences 
of  rickets  in  the  long  bones  of  the  rayed  animals. 

The  control  rat  (16Y),  autopsied  thirty-eight  days  after 
the  beginning  of  the  experiment,  showed  the  typical  pic- 
tare  of  advanced  rickets.  The  incisor  teeth  were  brittle,  [i27] 
the  molar  teeth  were  loosened ;  there  was  enlargement  of 
tte  knees  and  wrists;  the  costo-chondral  junctions  were 
odarged  and  bent  inwards,  and  there  were  numerous 
fractures  of  the  ribs.  The  tibiae  and  femora  on  section 
ihowed  the  typical  gross  picture  of  rickets. 

The  other  control  animals,  autopsied  about  four  weeks 
kter,  showed  less  marked  but  equally  definite  signs  of 
rickets.     The  teeth  were  only  slightly  more  eaiuly  frac- 
tned  than  normal.    There  was  moderate  enlargement  of 
the  epiphyses  of  the  long  bones  of  the  extremities.    The 
(08to-chondral  junctions   were  enlarged   but  there  was 
little  deformity  of  the  chest  and  no  well  marked  fractures 
of  the  ribs.    The  bones  of  the  extremities  cut  with  dimin- 
ished resistance  and  in  the  femora  of  some  there  were 
gross  evidences  of  rickets  on  section.    The  viscera  showed 
no  pathological  changes.     The  amount  of  subcutaneous 
and  peritoneal  fat  was  much  less  than  in  the  rayed  ani- 
mals.   The  muscles  of  the  control  animals  were  relatively 
poorly  developed. 

Microscopic  examinations  of  the  bones  were  confirma- 
tory of  the  gross  findings.  In  sections  of  the  long  bones 
of  the  rayed  animals  there  were  no  evidences  of  rickets. 
The  line  of  demarcation  between  the  cartilage  and  shaft 
Was  sharp  and  clear  cut.  The  deposition  of  calcium  in 
the  provisional  zone  of  cartilage  was  heavy  and  complete. 
Ihe  trabeculae  showed  only  the  thin  margin  of  osteoid 
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[127]  which  is  seen  in  healthy,  growing  animals  and  which  must 
be  regarded  as  physiological. 

The  sections  of  the  long  bones  of  the  control  animals 
without  exception  showed  rickets,  but  in  some  specimens 
the  rachitic  process  was  moderate  in  severity.  The  tra- 
beculae  in  all  sections  were  surrounded  by  broad  osteoid 
borders  and  the  calcification  of  the  provisional  Eoneof 
cartilage  was  fragmentary  and  exceedingly  irregular. 
The  degree  of  rickets  usually  found  in  rats  on  this  diet  is 
more  severe  than  is  shown  in  some  of  the  specimens  from 
these  animals.  This  is  probably  explained  by  the  fact 
that  the  animals  were  fifty  days  old  when  placed  on  the 
diet  and  were  in  some  instances  one  hundred  and  four- 
teen days  old  when  killed.  During  the  period  covered  by 
the  experiments,  therefore,  activity  in  growth  was  declin- 
ing and  with  it  there  was  a  decline  in  the  activity  of  the 
rachitic  process. 

Discussions 

From  this  experiment  it  is  possible  to  say  that  rats  fed 
on  the  rickets-producing  diet  (diet  3143)  are  protected 
from  that  disease  by  exposure  to  radiations  from  a  mer 
cury  vapor  quartz  lamp.  It  is  possible  to  say  further  that 
radiations  from  the  mercury  vapor  quartz  lamp  affect 
not  the  skeleton  alone  but  indeed  the  whole  organism.  : 
While  the  development  of  a  normal  skeleton  in  the  rayed 
animals  is  a  "striking,  visible  and  measurable"  effect  of 
the  radiations  on  a  single  tissue,  growth,  good  muscular 
development,  storage  of  fat,  improvement  in  the  condi- 
tion of  the  hair,  stimulation  of  sexual  development  and 
reproductive  power  are  evidences  that  the  radiations 
have  a  favorable  influence  upon  the  animals  as  a  whole. 
So  far  as  we  are  able  to  discern,  the  action  upon  rats  fed 
the  rickets-producing  diet  (diet  3143)  of  the  radiations  of 
a  mercury  vapor  quartz  lamp  in  securing  an  efficient  utili- 
zation of  the  substances  which  are  directly  or  indirectly 
concerned  with  ossification  and  calcification  and  in  pro- 
moting general  bodily  vigor  is  in  no  way  different  in 
respect  to  these  matters  from  the  action  of  cod-liver  oil 
and  of  sunlight. 
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Summary  [127] 

1.  The  object  of  the  experiments  was  to  determine 
whether  or  not  radiations  from  a  mercury  vapor  quartz 
lamp  prevent  the  development  of  rickets  in  the  rat. 

2.  A  diet  was  employed  which  at  room  light  regularly 
^ves  rise  to  a  disease  identical  in  its  essential  features 
with  rickets  as  seen  in  the  human  being.  The  diet  was 
high  in  calcium,  low  in  phosphorus  and  was  insufficiently 
supplied  with  fat-soluble  A»  In  other  respects  it  was  well 
constituted. 

3.  Nineteen  rats  were  placed  on  the  diet.     Ten  were 

exposed  to  radiations  from  a  Hanovia  "Alpine"  mercury 

ftpor  quartz  lamp  for  varying  periods  of  time  daily  over 

t  period  of  sixty-four  days.    Nine  rats  were  kept  under 

eiNiditions  of  ordinary  room  light  as  control  animals. 

L  One  of  the  control  animals  was  killed  after  thirty- 
eight  days ;  another  after  fifty -eight  days  and  the  remain- 
ing seven  after  sixty-four  days.  All  of  these  animals 
showed  gross  and  microscopic  evidences  of  rickets. 

5.  The  ten  rats  exposed  to  the  radiations  from  the 
■oirury  vapor  quartz  lamp  were  killed  after  sixty-four 
iijn.  These  animals  were  free  from  rickets  both  grossly 
lid  histologically. 

8.  The  beneficial  effects  of  the  radiations  from  the 
ttercnry  vapor  quartz  lamp  were  not  limited  to  the  skel- 
iton,  since  the  condition  of  the  rayed  animals  underwent 
a  general  improvement. 

7.  The  effects  of  the  radiations  of  the  mercury  vapor 
fuartz  lamp  on  the  growth  and  calcification  of  the  skele- 
ton of  the  rat  and  on  the  animal  as  a  whole  seem  to  be 
timilar  to,  if  not  identical  with,  those  brought  about  by 
direct  sunlight  and  by  cod-liver  oil. 

DESCRIPTION  OP  PLATES 

FigB.  1  and  2.  Micropbotographs  of  sections  of  femora  of 
fits  fed  on  diet  3143  and  exposed  to  radiations  from  a  mer- 
^TJ  vapor  quartz  lamp.  Note  sharp  demarcation  between 
^^and  cartilage  at  metaphysis  (a),  the  heavy  calcification  of 

^visional  zone  of  cartilage   (b),  and  the  wide  bony  trabe- 

^Ue  without  osteoid  borders  (d). 


[127]  Figs.  3  and  4.  Microphotographs  of  sections  of  f< 
rats  fed  on  diet  3143  and  kept  at  room  light.  N 
irregular  metaphysis. 

Fig.  3.  a — ^Praliferative  cartilage. 

a — Islands  of  cartilage  with  (bFig.3)  depc 

calcium  on  the  diaphyseal  side, 
c — Osteoid  trabeculae. 

Fig.  2.  b — Cartilage  is  irregular  and  uncalclfied. 
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A  RAPED  AND  ACCURATE  METHOD    FOR    CALCIUM   IN 

URINE. 

By  ALFRED  T.  SHOHL  and  FRANK  G.  PEDLEY. 

{From  the  Department  of  Chemical  Hygiene^  School  of  Hygiene  and  Public 
Health f  the  Johns  Hopkins  University ,  Baltimore.) 

(Received  for  publication,  December  12,  1921.) 

McCrudden's  method  (1,  2)  for  the  determination  of  calcium 
in  mine,  at  present  probably  the  most  accurate  and  satisfactory 
of  all  the  calcium  methods,  is  open  to  the  serious  criticism  that  it 
requires  platinum  dishes,  and  is  laborious  and  time-consuming. 
Not  infrequently  it  takes  24  hours  to  filter  the  urine  and  wash  the 
precipitate.  After  filtration  the  ashing  and  weighing  usually 
occupy  an  additional  day,  sometimes  longer.  McCrudden  en- 
deavored to  shorten  the  method  by  titrating  the  precipitated 
calcium  oxalate  with  potassium  permanganate,  but  as  the  pre- 
cipitate was  contaminated  with  uric  acid  obtained  too  high  read* 
ings.    He  states:^ 

*'I  have  concluded,  therefore,  if  calcium  oxalate,  precipitated  from 
urine,  is  contaminated  with  uric  acid,  as  indicated  by  the  reddish  color  of 
the  precipitate,  the  calcium  should  not  be  determined  by  titration.'* 

It  is  very  questionable  whether  color  is  a  good  indication  of  the 
presence  or  amount  of  uric  acid,  since  pin-e  uric  acid  is  colorless. 
The  urinary  uric  acid,  as  is  well  known,  depends  for  its  coloration 
upon  the  presence  of  urinary  pigments.  Because  of  the  above  warn- 
ing, and  our  experience,  we  have  always  relied  on  McCrudden's 
method  only  after  ashing  and  weighing  the  calcium  as  calcium 
oxide.  We  felt  that  his  method  would  be  improved  if  we  could 
avoid  gravimetric  analysis.  Such  a  rapid  clinical  method  for  the 
determination  of  calcium  in  the  urine  is,  therefore,  desirable. 

The  method  about  to  be  presented,  has  the  advantage  of 
increasing  the  speed  of  the  determination  without  appreciablj 

1  McCrudden  (2),  p.  194. 
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decreasing  the  accuracy.  The  problem  before  us  was  to  precS- 1^~ 
tate  the  calcium  as  calcium  oxalate  avoiding  contamination  w^^ 
uric  acid,  and  then  to  titrate  the  precipitate  with  potassim-^^ 
permanganate. 

We  first  attempted  to  remove  the  uric  acid  by  filtration  aftf^^ 
adding  sufficient  acid  to  convert  the  urates  to  uric  acid  and  aX^ 
to  dissolve  any  calcimn  oxalate  presents    This  is  inadequate  since 
considerable  time  is  required  and  uric  acid  is  very  slowly  and  net 
quantitatively  precipitated  from  urine.    We  also  object  to  filtra- 
tion, which  McCrudden  recommends  for  an  initial  procedure 
without  adding  acid,  on  the  groimd  that  any  calcium  combined 
with  oxalic  acid  would  be  held  back  by  the  filter  paper  and  lost. 

We  then  searched  for  some  solvent  of  uric  acid  with  which  the 
precipitate  of  calcium  oxalate  and  uric  acid  might  be  washed  on 
the  filter  or  which  would  keep  the  uric  acid  in  solution.  Various 
solvents  were  tried.  Hot  sodium  carbonate  readily  dissolved  the 
uric  acid  but  caused  the  readings  to  be  much  too  low.  Hexa- 
methyleneamine  was  foimd  to  be  very  inefficient.  Piperidine,  a 
noted  uric  acid  solvent,  rendered  the  urine  highly  alkaline,  dis- 
solved the  uric  acid  by  virtue  of  its  alkalinity,  and  was  there- 
fore inapplicable.    No  satisfactory  solvent  was  foimd. 

To  eliminate  the  uric  acid,  the  urine  could  be  either  dry  ashed 
or  ashed  in  the  wet  way  following  the  Neumann  method  (3). 
Both  these  methods  have  been  utilized  in  determining  calcium. 
There  is  no  objection  to  them  except  for  the  time  and  labor  in- 
volved. We  thought  we  might  save  time  and  avoid  technical* 
difficulties;  and  if  we  could  destroy  the  uric  acid  by  oxidation, 
we  would  accomplish  in  a  short  time,  without  evaporating  the 
urine,  the  same  purpose  as  ashing.  Any  substance  which  would 
reduce  permanganate  would  be  removed  by  oxidatioih 

We  tried  concentrated  solutions  of  potassium  permanganate  on 
theoretical  solutions  containing  calcium  and  uric  acid  with  cor- 
rect results.  With  urine,  however,  a  surprising  amount  of  this 
reagent  was  needed  for  complete  oxidation.  And  this  left  large 
quantities  of  manganous  ions,  which,  in  the  presence  of  oxalate 
ions,  were  difficult  to  hold  in  solution.  It  is  not  impossible  that 
this  method  may  be  applicable,  since  manganous  oxalate,  like 
magnesium,  is  held  in  solution  by  ammonium  chloride  (4).  We 
sometimes  obtained  an  impure  precipitate. 
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We  then  used  ammonium  persulfate  and  obtained  excellent 
reeults  (5).  This  reagent  has  the  advantage  of  being  relatively 
cheap,  of  being  a  strong  uric  acid-oxidizing  agent,  and  an  ineffi- 
cient oxalate-oxidizing  agent.  In  fact  on  theoretical  groimds  it 
is  practically  ideal  for  the  purpose.  When  oxidation  is  complete, 
instead  of  manganous  ions,  we  have  sulfate  and  sulfite  ions  in 
K^ution,  and  these  are  not  objectionable. 

Ammonium  persulfate  is  a  white  crystaUine,  deliquescent  sub- 
stance, which  deteriorates  on  exposure  to  the  air.  When  first  put 
into  solution  it  crackles  with  the  evolution  of  a  gas  that  smells 
like  ozone.  When  added  to  the  urine  it  froths.  These  proper- 
ties we  have  taken  as  a  rough  index  of  its  activity.  A  sample  we 
obtained  from  Eimer  and  Amend  was  very  satisfactory,  but  con- 
tained an  appreciable  amount  of  calcium.  A  blank  should  be 
run,  therefore,  for  the  calcium  content.  The  reagent  oxidizes 
best  in  an  acid  medium. 

After  the  urine  has  been  oxidized  the  calcium  is  precipitated  as 
oxalate.  The  method  as  suggested  by  McCrudden  may  be  fol- 
lowed.* He  uses  sodium  acetate  to  regulate  the  acidity.  We 
carry  out  the  precipitation  between  definite  limits  of  hydrogen  ion 
concentration  (6).  We  have  foimd  that  the  optimum  Ues  be- 
tween pH  4.8  to  5.2.  Therefore,  we  use  1  drop  of  methyl  red  as 
an  indicator.  If  the  color  fades  rapidly  we  add  a  second  drop  of 
indicator  solution.  This  indicator  almost  exactly  covers  the 
desired  range  of  pH.  It  gives  a  red  color  when  the  acidity  is  as 
great  or  greater  than  pH  4.6,  a  yellow  color  when  the  acidity  is 
less  than  pH  6.0,  and  an  intermediate  color  between  pH  4.8  to 
5.4.  This  is  the  color  desired.  When  one  uses  methyl  red  as  an 
indicator  one  may  use  sodium  acetate  to  decrease  the  acidity 
but  it  is  not  necessary.  We  use  NH4OH  and  bring  the  solution 
to  the  proper  end-point,  as  shown  by  the  color  of  the  indicator. 
The  important  condition  is  to  have  the  solution  at  the  proper 
hydrogen  ion  concentration. 

When  the  calcium  has  been  precipitated  as  described  above  it 
is  allowed  to  stand  over  night.  (McCrudden  shakes  the  mixture 
10  minutes  instead  of  allowing  it  to  stand.)  It  is  then  filtered. 
Halverson  and  Schulz   (7)   have  suggested  filtering  through  a 

<  MeCrudden  (2),  p.  199. 
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Gooch  crucible  made  with  specially  prepared  and  ignited  asbestos 
This  is  unnecessary;  for  if  the  urine  has  been  oxidized  with  persul 
fate  it  filters  almost  as  readily  as  water.  A  good  grade  of  hardened 
filter  paper  is  easier  to  use.  When  several  determinations  are 
made  at  once  it  is  practically  as  rapid  as  preparing  the  Gooch 
crucible  and  there  is  no  chance  of  the  filter's  not  retaining  the 
precipitate.  The  precipitate  is  then  washed  back  into  the  original 
flask  and  titrated  with  permanganate. 


Reacents  required. 


Ammonium  persulfate. 
Oxalic  acid,  2.5  per  cent. 
Methyl  red,  0.02  per  cent  in  50  per 

cent  alcohol. 
Potassium  permanganate,  0.05  n. 


Nitric  acid  (sp.  gr.  1.42). 
Sulfuric  acid  (sp.  gr.  1.84). 
Ammonium  hydroxide  (sp.  gr.  0.9) 

Sodium  oxalate,  S5rensen  0.05  n. 


Details  of  the  Method. 

1.  To  100  cc.  of  unfiltered  urine  in  a  250  cc.  Erlenmeyer  flask 
add  5  cc.  of  concentrated  HNOi  or  HsSOi,  and  one  spoonful  con- 
taining 3.0  to  4.0  gm.  of  ammonium  persulfate.  Insert  a  funnel 
in  the  flask  to  prevent  spattering. 

2.  Boil  and  keep  near  the  boiling  point  on  a  hot  plate,  or  over  a 
low  flame,  for  1  hour,  or  imtil  reduction  of  the  ammonium  per- 
sulfate is  complete,  as  evidenced  by  an  absence  of  frothing  when 
the  flask  is  agitated.  The  solution  at  this  point  is  pale  green  in 
color. 

3.  Add  10  cc.  of  2.5  per  cent  oxalic  acid. 

4.  Cool  to  room  temperature. 

5.  Neutralize  with  ammonium  hydroxide,  using  1  drop  of 
methyl  red,  as  an  indicator. 

6.  Cool  to  room  temperature. 

7.  If  the  color  is  now  red,  the  solution  may  be  brought  to  the 
desired  color  by  a  few  drops  of  ammonium  hydroxide.   pH  4.8  to  5.2. 

8.  Let  stand  over  night  (McCrudden  shakes  the  mixture  for 
10  minutes  instead  of  allowing  it  to  stand). 

9.  Filter.  Whatman  No.  50  hardened  filter  paper,  12.5  cm., 
has  been  found  satisfactory.  Wash  the  precipitate  and  flask  three 
times  with  distilled  water,  filling  the  filter  two-thirds  full  each 
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time  and  allowing  to  drain.    Break  a  hole  in  the  filter  paper,  and 
vi^ash  back  the  precipitate  into  the  original  fiask,  first  with  dis- 

l>illed  water,  and  then  with  hot  dilute  sulfuric  acid,  bringing  the 

^%r4)liime  to  about  100  cc. 

10.  Add  10  cc.  of  concentrated  sulfuric  acid,  and  heat  to  70-80®C. 

11.  Titrate  with  0.05  n  potassium  permanganate,  taking  as  an 
d-point  the  first  color  that  persists  15  to  30  seconds.    If,  as 

ionally  happens,  the  precipitate  is  colored  red  by  the  methyl 

d,  and  so  colors  the  solution  to  be  titrated  with  permanganate, 

color  does  not  interfere  with  the  end-point,  as  it  is  quickly 

idized.    The  indicator  is  not  present  in  sufficient  amoimt  to 

use  any  appreciable  difference  in  the  titration.    The  usual  pre- 

iitions  should  be  taken  of  standardizing  the  permanganate  each 

y  with  standardized  oxalate.     1  cc.  of  0.05  n  KMnOi  =  0.001 

.  or  1  mg.  of  calciimi. 

EXPERBiENTAL  RESULTS. 

1l  the  experiments  here  given  no  effort  was  made  to  obtain  the 
l^i^hest  degree  of  accuracy;  they  represent  that  obtainable  in  any 
pli^ysiological  laboratory  by  an  analyst  of  moderate  experience. 
I^^  any  series  of  determinations  reported  no  results  have  been 
oxiiditted. 

Our  standard  solutions  of  calcium  were  made  from  calcite,  and 
^cked  by   McCrudden's  gravimetric  method.    A  solution  of 
Clj,  which  contained  0.0830  gm.  of  Ca  per  25  cc,  was  checked 
McCrudden's  method  and  gave  the  following  results:  0.0831, 
0-0832,  0.0831. 

"TTie  results  on  theoretical  solutions  of  calciimi  are  given  in 
^^^tle  I.    A  sample  of  urine,  to  which  uric  acid  was  added,  ana- 
ly^sed  by  McCrudden's  gravimetric,  McCrudden's  volumetric,  and 
^*^^  authors'  methods,  yielded  the  results  shown  in  Table  II.    On 
^^*^  other  sample  of  urine  the  calcium  content  was  determined  by 
^*^«  authors'    method.    To  portions  of    it  were  added  known 
^^^ounts  of  calcium.    The  results  are  given  in  Table  III.    Six 
^^terminations  were  then  made  on  a  sample  of  urine  by  the 
^^thors'  method  and  six  determinations  on  the  same  urine  by 
"IcCrudden's  gravimetric  method.    One  of  these  latter  was  im- 
portunately lost.    The  results  are  given  in  Table  IV. 
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TABLE  I. 
Theoretical  SohUione  by  AtUhon*  Method. 


Caldnm  teken. 

Uiioaeid. 

Ammonium 
penulfate. 

Otlehim  pnMot. 

Oftlflium  found. 

om. 

gm. 

gm. 

gm. 

gm. 

0.0000 

0.0 

4.0 

? 

0.0002 

0.0332 

0.0 

4.0 

0.0334 

0.0337 
0.0832 

0.0332 

0.2 

4.0 

0.0334 

0.0834 
0.0339 

TABLE  U. 

Urine  Pitts  Uric  Acid. 


Urine. 

Uric  acid. 

Method. 

Calfiium. 

ee. 

gm. 

gm. 

100 

0.2 

McCrudden's  grayimetric. 

0.0342 
0.0345 
0.0345 

100 

0.2 

McCrudden's  volumetric 

0.0541 
0.0472 

100 

0.2 

Authors'. 

0.0344 
0.0342 
0.0346 

TABLE  lU. 

Recovery  of  Added  Calcium  by  Authors*  Method. 


Urine. 

Calcium  added. 

Caldum  obtained. 

Added  calcium 
recovered. 

ee. 

gm. 

^fii. 

gm. 

100 

0.0000 

0.0113 

0.01165 

0.0116 

100 

0.0165 

0.0272 

0.02S4 

0.0162 

0.0274 
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TABLE  IV. 
Calcium  in  Urine, 


Urine. 


re. 

100 


Av^ 


rage. 


MoCrudden's  sravimetrio 
nxethod. 


gm. 

0.0152 
0.0168 
0.0176 
0  0158 
0  0148 
Lost. 
0.01604 


Avthon'  method. 


0.0160 
0.0150 
0.0161 
00158 
0.0161 
0.0159 
0.01596 


DISCUSSION. 

'^hke  method  yields  correct  results  with  theoretical  solutions 
^^t^ining  calcium  and  uric  acid.  The  calcium  in  urine  can  also 
be  determined  accurately  and  added  calcium  is  recovered.  Added 
™<^  acid  does  not  aflfect  the  results  by  our  method  but  gives  high 
Wflults  if  not  oxidized.  The  advantages  of  the  method  'described 
^^'  that  by  oxidation  of  the  urine  the  resulting  solution  filters 
nearl3r  as  rapidly  as  water;  the  conditions  for  the  precipitation 
^^  X>iit  on  a  rational  basis  by  bringing  the  solution  to  the  proper 
hy(brogen  ion  concentration,  instead  of  adjusting  the  acidity 
empixncally  with  sodiimi  acetate;  the  removal  of  the  uric  acid  by 
oxidA.tion  permits  the  rapid  and  convenient  method  of  titrating 
^e  oalcium  oxalate  with  potassiimi  permanganate,  instead  of 
^^^v^^Tsion  to  calciimi  oxide  and  weighing;  and  it  permits  rapid 
*nd  Accurate  determinations  of  calcium  in  urine  without  requiring 
platixxum.  The  method  is  accurate  within  1  per  cent  in  deter- 
minixi^  30  mg.  of  calcium. 


CONCLUSION. 


}'  Calcium  in  the  urine  can  be  accurately  determined,  if  the 
^1^^^  18  oxidized  with  ammonium  persulf ate. 

2'  The  calcium  is  precipitated  as  the  oxalate  at  pH  4,8  to  5.2, 
and  "titrated  with  0.05  n  potassium  permanganate. 

^*  The  method  requires  less  than  one  quarter  the  time  necessary 
(or  &avimetric  determinations. 
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McCrudden's  (1,  2)  method  has  come  to  be  recognized  as  the 
best  for  the  accurate  determiilation  of  calcium.  The  method  is 
to  precipitate  the  calcium  as  oxalate  in  the  presence  of  suflBl- 
cient  ammonium  chloride  to  hold  the  magnesium  oxalate  in  solu- 
tion, and  of  sufficient  acid  to  hold  the  calcium  oxalate  partly  in 
solution.  Sodium  acetate  is  then  added  to  decrease  the  acidity 
and  to  precipitate  the  rest  of  the  calcium  oxalate  on  the  crystals 
already  formed.  Thus,  large  crystals  are  made  which  are  easy 
to  filter  and  are  not  contaminated  with  occluded  magnesium  or 
calcium  phosphate.^  The  amoimt  of  acetate  is  selected  so  as  to 
give  a  solution  not  acid  enough  to  dissolve  the  calcium  oxalate, 
nor  alkaline  enough,  if  cold,  to  allow  calcium  phosphate  to  pre- 
cipitate. These  directions  are  empiric  and  must  be  followed 
accurately,  as  the  author  cautions.*  Just  what  determines  the 
amoimt  of  acetate  is  not  definite,  for  he  states  that  in  the  ash  of 
feces  15  instead  of  8  cc.  are  required.* 

The  sodium  acetate  added  regulates  the  acidity  of  the  solution. 
Unfortimately,  at  the  time  McCrudden  wrote  his  article,  Soren- 
sen's  (3),  Michaelis*  (4),  and  Clark^s  (5)  monographs  on  hydrogen 
ion  concentration  were  not  published.  In  1913,  Hildebrand  (6) 
of  the  Bureau  of  Standards  showed  the  necessity  of  a  systematic 
investigation  of  analytical  methods  with  regard  to  the  hydrogen 
ion  concentration.    Such  information  is  not  as  yet  available  for 

»  McCrudden  (1),  p.  99. 
« McCrudden  (1),  p.  100. 
»  McCrudden  (2),  p.  198. 
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many  types  of  analysis.  Except  that  of  Kramer  and  Tisdall  (7) 
there  is  none  for  calcium.  We  have,  therefore,  critically  examined 
McCrudden's  method  in  relation  to  hydrogen  ion  concentration. 

Theory  Underlying  the  Precipttatian  of  Calcium  as  Oxalate. 

The  determination  of  calcium  in  the  presence  of  magnesium 
and  phosphate  depends  primarily  upon  the  solubility  product  of 
the  various  precipitates  involved;  secondarily,  upon  the  hydro- 
gen ion  concentration.*  As  a  development  of  the  last  30  years 
in  the  chemistry  of  solutions,  the  theory  of  ionization  has  been 
applied  to  the  problem  oi  precipitation  of  nearly  insoluble  sub- 
stances with  great  success. 

Solvbility  Product. —  Stieglitz  (8)  and  Noyes  (9)  have  presented 
very  carefully  in  their  manuals  of  qualitative  analysis  the  rela- 
tion between  ionization  and  precipitation.  The  basic  principle 
is  the  mass  law,  which  can  be  stated.* 

~iTm — ^ 

In  non-mathematical  terms,  when  a  substance  is  present  in  water 
an  equilibrium  is  established  between  the  concentration  of  the 
undissociated  salt  in  solution  and  the  concentration  of  the  ions. 
The  value,  K^  is  a  constant  depending  upon  the  nature  of  the  par- 
ticular salt.  Or,  when  there  are  two  ions  present  which  form  an 
insoluble  compound,  precipitation  occurs  until  the  product  of 
the  concentration  of  the  ions  divided  by  the  concentration  of  un- 
dissociated salt  is  a  constant  which  is  the  K  for  that  salt. 

A  simpler  relation  which  holds  with  sufficient  accuracy  for  prac- 
tical purposes  is  that  the  product  of  the  ions  is  a  constant.  This 
constant  is  known  as  the  ''solubility  product." 

{A-^)  X  (B-)  -  A' 

Obviously,  we  decrease  the  amount  of  either  ion  present  by  in- 
creasing the  other  ion.  If  we  double  4+  we  halve  B"".  Hence, 
adding  more  A"*"  causes  more  and  more  complete  precipitation 

*  The  question  of  the  problem  of  occlusion  and  the  conditions  for  obtain- 
ing large  crystals  have  been  discussed  by  McCrudden  (1),  p.  99. 

•  Parentheses  about  a  symbol  mean  concentration.  Thus,  H"*"  means 
hydrogen  ion;  (H+)  means  hydrogen  ion  concentration. 
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B~,    Thus,,  one  adds  an  excess  of  oxalate  ions,  so  that  the  cal- 
ls more  completely  precipitated.    The  value  of  the  solu- 
constant  is  very  important  for  it  determines  which  salt 
precipitate.    The  salt  having  the  smaller  solubility  product 
H  precipitate  and  the  other  will  remain  in  solution.    If  all  the 
tors  are  known  a  quantitative  expression  can  be  calculated 
orously  from  the  mass  law.    The  solubility  product  determines 
«ther  calcium  will  be  precipitated  as  a  phosphate  or  carbonate 
oxalate  in  solutions  containing  these  acids.    The  solubility 
<:>ducts  of  the  various  salts  to  be  considered  are  given  in  Table  I. 
'ffed  of  Hydrogen  Ion  Concentrations. — ^Acids  on  dissociation 
ys  give  hydrogen  ions,  H+.    The  extent  of  the  acidity  depends 
n  the  concentration  of  the  hydrogen  ions,  (H"*")  (10).   The  effect 
ydrogen  ions  in  precipitation  can  best  be  discussed  under  three 
:  (a)  the  effect  on  basic  salts,  (6)  the  change  in  the  ioniza- 
constant  of  the  acid  radicals,  and  (c)  the  suppression  of  ioni- 
of  weak  acids. 
'X^he  effect  of  acid  on  basic  salts  is  to  depress  the  ionization  of  the 
Toxyl  ions;  for  substances  in  solution  are  related  to  the  ioni- 
n  of  water.    Water  itself  gives  H+  ions  and  also  0H~  or 
c  ions.    The  relation  of  the  ions  is  expressed  by  the  mass  law: 

(H-H)  X  (0H-)  ^ 
(H,0)  ^" 

^^n  one  adds  H+  ions  to  water  one  depresses  the  ionization  of  the 

^3^<ixoxyl  ions  since  the  product  of  these  ions  is  a  constant.    Thus, 

/thie  case  of  magnesium  hydroxide,  by  adding  acid  one  decreases 

)  to  such  an  extent  that  in  acid  solution  its  solubility  prod- 

^^^     is  never  reached  and  hence  no  magnesium  hydroxide  can 

^^^eipitate. 

Sy  adding  acid  one  changes  the  ionization  constant  of  the  acid. 
P*xus,  in  the  case  of  the  tri-basic  phosphate  the  addition  of  H+ 
^^1X8  gives  the  following  reaction: 

PO4  +  H+  =  HPO4  +  H+  =  H2PO4 

^e  tri-basic  salt  can  only  exist  in  alkaline  solution  and  as  one  in- 
^^^ases  the  hydrogen  ion  concentration  the  di-basic  and  mono* 
"*8ic  salt  must  be  formed.  Thus,  in  an  acid  system  there  is  no 
calcium  phosphate  but  only  the  more  soluble  di-basic  and  mono- 
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basic  calcium  phosphates.    The  solution,  if  quite  acid,  about 
pH  3.0,  will  have  the  same  effect  on  calcium  oxalate. 


H+  +  (C,04)  ;=i  (HCOO 

By  adding  acid  to  a  solution  containing  ions  of  a  weak  acid  one 
converts  the  highly  ionized  salt  into  a  slightly  ionized  acid,  ac- 
cording to  the  equation: 


2H+  +  (COO  ;:±  H,C,04 

Thus  one  removes  oxalate  ions  from  the  solution  by  adding  acid. 
If  the  ionization  is  repressed  below  the  solubility  product  no  pre- 
cipitate is  formed. 

Each  of  these  factors:  the  effect  on  basic  salts,  the  change  in 
the  ionization  constant  of  the  acid,  and  the  suppression  of  ioniza- 
tion, influence  the  precipitation.  Therefore,  we  shall  consider  each 
of  the  salts  that  may  be  formed  in  the  course  of  the  analysis  of 
calcium  in  the  presence  of  magnesiimi  and  phosphates,  in  an  acid 
solution  of  pH  4.0  to  6.2. 

Calcium  Oxalate  and  Magnesium  Oxalate. — ^These  salts  are  pre- 
cipitated in  the  presence  of  an  excess  of  oxalate  ions.  The  ques- 
tion is  whether  there  is  any  danger  of  precipitating  magnesium 
with  the  calcium.  This  has  been  discussed  in  part  by  Kramer 
and  Tisdall  (7).  The  solubility  product  of  these  salts  is  suffi- 
ciently different  so  that  Gooch  (11)  recommends  that  even  in  the 
presence  of  ten  times  the  amount  of  magnesium  it  is  not  necessary 
to  carry  out  double  precipitation.  In  acid  solution  this  differ- 
ence in  solubility  product  is  even  more  marked. 

Acid  added  to  a  solution  of  calcium  and  magnesiimi  oxalates 
favors  the  precipitation  of  the  calcium  in  two  ways.  It  forms  the 
acid  salts  which  are  more  soluble.  The  acid  salt  of  calcium 
oxalate,  at  this  acidity  (pH  4.0  to  6.2)  is  not  formed  in  sufficient 
amount  to  have  any  appreciable  effect  on  the  solubility.  No  study 
of  the  magnesium  salts  has  been  made,  but  from  general  evidence 
it  is  concluded  that  this  would  be  more  readily  affected  by  acids 
and  hence  more  soluble. 

Second,  the  addition  of  acid  suppresses  ionization,  in  this  case 
from  about  40  to  about  30  per  cent.    The  diminished  ioniza- 
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tioTk   affects  the  calcium  oxalate  much  less  than  the  magnesium 

oxalate  as  the  former  has  a  much  smaller  solubility  product.    Any 

acidity  not  great  enough    to  form  acid  calcium  oxalate  will  be  a 

fsLCtoT  in  preventing  the  formation  of  magnesium  oxalate  and  in 

fa^\roring  the  precipitation  of  calcium  oxalate. 

Jid'agnesium  Hydroxide  and  Magnesium  Ammonium  Phosphate. — 
salts  are  extremely  insoluble  but  since  they  do  not  occur  in 
solutions  they  do  not  precipitate.  Hildebrand  (6)  says 
tlia.1;  the  former  precipitates  at  pH  7.4  to  8.0  and  that  the  latter 
fira'b  appears  at  pH  6.6. 

one-,  Di'f  and  Tri-Basic  Calcium  Phosphate, — The  salts  of  cal- 
form  a  very  difficult  problem  since  as  found  by  Cameron 
vl2^    and  his  collaborators  and  many  others,  these  salts  vary  in 
composition  according  to  the  source,  are  decomposed  by 
:,  and  take  months  to  come  to  equilibrium. 
^^or  orientation  we  attempted  to  find  the  pH  of  saturated  solu- 
tions of  the  mono-,  di-,  and  tri-basic  salts  of  calcium  phosphate. 
*^^8e  salts  (Baker's  analyzed)  were  washed  with  distilled  water. 
^^  acidity  of  the  supernatant  liquids,  determined  by  the  colori- 
^^tric  method  (5),  became  roughly  constant  at  room  tempera- 
ture in  24  hours  and  gave  the  following  values: 

CaH4  (POOs  =  pH  5.0 
Call  PO4  =  pH  7.4 
Ca,  (POOa     =  pH  6.8 

We  found  that  no  calcium  solution  more  acid  than  pH  4.0 
which  contained  phosphates  yielded  a  precipitate  after  boiling, 
but  Patten  and  Mains  (13)  report  a  precipitate  at  pH  2.3  at 
26°.    But  the  more  acid  the  point  at  which  these  salts  precipi- 
tate, the  greater  is  the  proportion  of  phosphate  to  calcium.    And, 
as  one  can  see  by  glancing  at  Table  I,  the  more  acid  the  salt  the 
greater  is  the  solubility  product.    Therefore,  at  pH  4.0  to  6.4 
there  is  no  danger  of  any  calcium  being  present  as  phosphates. 
At  this  acidity  the  calcium  phosphates  have  a  solubility  product 
more  than  a  million  times  as  great  as  calcium  oxalate.    Brea- 
zeale  (14)  remarks  it  is  quite  safe  to  precipitate  calcium  phos- 
phate quantitatively  as  calcium  oxalate  by  adding  oxalic  acid. 
Therefore,  there  is  no  danger  of  the  precipitation  of  calcium  acid 
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phosphate  if  the  precipitation  of  calcium  oxalate  is  carried  out  at 
the  proper  acidity. 

TABLE  I. 

Data  on  Solubilities,* 


Salt. 

Per  liter. 

Mola  per  liter. 

Solubility  product. 

CaCtOi 

gm. 

0.0055 
0.009 
0.05 
0.302 
0.01 
0.2 
18.0 

0.000044 

0.00015 

0.0068 

0.0027 

0.00033 

0.00147 

0.77 

1.9  X  10-* 

Mg(OH), 

3.5  X  10"" 

^'-^ON^'^^/'       •••• ••• 

MKNH4PO4 

3.0  X  10"' 

MttCtOi 

4.8  X  10~» 

Cai(P04)t 

2.8  X  10-" 

CaHPOi 

2.0  X  10-« 

CaHiCPO*)! 

4.0  X  10-> 

*  The  figures  are  compiled  from  Landolt-Bdmstein,  Physikalisch- 
chemische  Tabellen;  A.  Seidell,  The  solubilities  of  inorganic  substances; 
The  Chemische  Kalender,  1914 — Dictionary  of  Solubilities,  etc. 


EXPERIMENTAL  APPLICATION  OF  THE  THEORY. 

It  is  important  to  verify,  first,  the  most  acid  limit  of  acidity; 
second,  the  least  acid  limit;  and  third,  the  best  method  of  obtain- 
ing the  desired  acidity. 

Most  Acid  Limit, — The  most  acid  limit  is  the  point  at  which 
calcium  oxalate  begins  to  be  converted  into  the  more  soluble 
acid  calcium  oxalate.  McCrudden  has  determined  the  amoimt 
of  sodium  acetate,  which,  under  the  conditions  of  his  procedure 
will  prevent  the  solution  of  calcium  oxalate.*  We  determined 
colorimetrically  the  hydrogen  ion  concentration  of  solutions  pre- 
cipitated according  to  his  directions.  In  all  solutions  more  acid 
than  pH  4.4,  which  contain  less  than  6  cc.  of  sodium  acetate,  the 
results  are  low.  Further  experiments  in  Table  II  show  that  correct 
determinations  are  made  at  pH  4.0,  which  is,  therefore,  the  most 
acid  limit  for  the  determination  of  calcium  oxalate.  Q  3 

The  Least  Acid  Limit, — The  least  acid  limit  is  the  point  at  which 
magnesium  ammonium  phosphate  and  magnesium  hydroxide 
precipitate.  According  to  Hildebrand  this  is  pH  6.6  to  7.6.  To 
fix  this  point  experimentally  we   carried  out  the  precipitation 

•  McCrudden  (l),  p.  90. 
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McCnidden's  feax  that  calcium  phosphate  would  precipitate 
unless  there  were  between  6  and  10  cc.  of  sodium  acetate  is  groimd- 
less.  To  test  this  point  experimentally  we  made  up  a  solution 
containing  2  cc.  of  10  per  cent  calcium  chloride,  2  cc.  of  10  per 
cent  magnesium  sulfate,  and  2  cc.  of  10  per  cent  sodiimi  acid  phos- 
phate. These  we  precipitated  according  to  McCnidden's  di- 
rections: 10  cc.  of  0.5  N  hydrochloric  acid,  10  cc.  of  25  per  cent  ox- 
alic acid,  10  cc.  of  3  per  cent  ammonium  oxalate,  cooled  and  to  them 
added  varying  amounts  of  20  per  cent  sodium  acetate  solution.  The 
results  are  shown  in  Table  II.  Thus,  even  50  cc.  of  acetate  are 
not  an  excess  and  give  correct  results. 

We  foimd,  by  experiment,  that  it  makes  no  difference  whether 
one  regulates  the  acidity  by  acetic  acid  and  sodium  acetate  mix- 
tures or  more  conveniently  and  quite  as  accurately  by  adding 
ammonia  to  the  acid  phosphates  present.  We  have,  therefore, 
developed  a  method  based  upon  this  conclusion,  the  details  of  which 
are  given  in  the  following  paper. 

Limits  of  Acidity. — ^From  the  above  discussion  it  is  clear  that 
the  limits  of  acidity  for  the  precipitation  of  calcium  by  oxalic  acid 
in  the  presence  of  magnesium  and  phosphates  are  determined. 
The  most  acid  limit  is  pH  4.0.  If  the  solution  is  more  acid  than 
this  the  calciimi  oxalate  is  partly  converted  into  acid  calcium 
oxalate  which  is  so  soluble  that  it  is  not  quantitatively  precipi- 
tated. The  least  acid  limit  is  pH  5.6.  If  the  solution  is  less  acid 
appreciable  amounts  of  magnesium  ammonium  phosphate  pre- 
cipitate and  contaminate  the  calcium  oxalate. 

SUMMARY. 

The  hydrogen  ion  concentration  is  an  important  factor  in 
making  a  calcium  determination.  If  the  solution  is  more  acid  than 
pH  4.0  calcium  oxalate  is  dissolved.  If  the  solution  is  less  acid 
than  pH  5.6,  magnesium  ammonium  phosphate  is  precipitated. 
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McCnidden's  fear  that  calcium  phosphate  would  precipitate 
mmless  there  were  between  6  and  10  cc.  of  sodium  acetate  is  groimd- 
less.  To  test  this  point  experimentally  we  made  up  a  solution 
<^ntaining  2  cc.  of  10  per  cent  calcium  chloride,  2  cc.  of  10  per 
^^nt  magnesium  sulfate,  and  2  cc.  of  10  per  cent  sodium  acid  phos- 
phate. These  we  precipitated  according  to  McCnidden's  di- 
:s^ctions:  10  cc.  of  0.5  n  hydrochloric  acid,  10  cc.  of  25  per  cent  ox- 
.silic  acid,  10  cc.  of  3  per  cent  ammonium  oxalate,  cooled  and  to  them 
.SMided  varying  amoimts  of  20  per  cent  sodiimi  acetate  solution.  The 
tHresults  are  shown  in  Table  II.  Thus,  even  50  cc.  of  acetate  are 
ot  an  excess  and  give  correct  results. 

We  found,  by  experiment,  that  it  makes  no  difference  whether 

ne  regulates  the  acidity  by  acetic  acid  and  sodium  acetate  mix- 

or  more  conveniently  and  quite  as  accurately  by  adding 

mmonia  to  the  acid  phosphates  present.    We  have,  therefore, 

^developed  a  method  based  upon  this  conclusion,  the  details  of  which 

given  in  the  following  paper. 

Limits  of  Acidity. — ^From  the  above  discussion  it  is  clear  that 

he  limits  of  acidity  for  the  precipitation  of  calcium  by  oxalic  acid 

in  the  presence  of  magnesiimi  and  phosphates  are  determined. 

TThe  most  acid  limit  is  pH  4.0.    If  the  solution  is  more  acid  than 

"^liis  the  calcium  oxalate  is  partly  converted  into  acid  calcium 

oxalate  which  is  so  soluble  that  it  is  not  quantitatively  precipi- 

"Eated.    The  least  acid  limit  is  pH  5.6.    If  the  solution  is  less  acid 

«ippreciable  amounts  of  magnesium  ammonium  phosphate  pre- 

^pitate  and  contaminate  the  calcium  oxalate. 

SUMMARY. 

The  hydrogen  ion  concentration  is  an  important  factor  in 
xnaking  a  calcium  determination.  If  the  solution  is  more  acid  than 
pH  4.0  calcium  oxalate  is  dissolved.  If  the  solution  is  less  acid 
^han  pH  5.6,  magnesium  ammonium  pliosphate  is  precipitated. 
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o£  normal  rabbits  under  the  same  conditions.  The  retention  of  the 
pneiimococci  by  the  endothelial  cells  is  thought  to  result  from  the  action 
^^  *  *  endothelial  opsonins  *'  which,  in  turn,  play  an  important  role  in 
the  i-apid  disappearance  of  bacteria  from  the  blood  stream  following 
artificial  bacteremia.  Tenbroeck  (5)  found  that  virulent  hog-cholera 
bacilli  were  clumped  and  disappeared  from  the  circulation  im- 
mediately after  being  injected  into  the  circulation  .of  normal 
^  ^^v-ell  as  of  immunized  rabbits.  Hopkins  and  Parker  (6)  have 
repox^ed  that  virulent  streptococci  first  rapidly  leave  the  circulation  of 
susceptible  animals  and  then  return  as  the  infection  advances.    These 

• 

investigators  concluded,  however,  that  the  streptococci  were  carried 
*^<?k    into  the  circulation  from  infected  tissues,  and  that  they  were 
^iealing  with  a  bacteremia  instead  of  a  true  septicemia.     This  con- 
^msion  was  reached  because  there  was  no  evidence  of  the  organisms 
^^ving  acquired  properties  which  made  permanent  residence  within 
t^ie  circulating  blood  possible.    More  recently  Delrez  and  (Jovaerts  (7) 
published  observations  which  seem  to  show  that  the  blood  plate- 
perform  a  general  **  antixenique  "  function,  i.e.,  these  elements  are 
active  in  the  removal  of  all  kinds  of  foreign  matter  from  the 
elation,  and  possibly  also  in  the  desitruction  of  bacteria  by  the 
-»  ^^  of  phagocytosis  and  intracellular  digestion.     They  also  con- 

^  -  ^^^e  that  a  genuine  agglutination  of  bacteria  does  not  occur  in  the 
^ -5.     '^  illation   of  normal   animals — ^the   phenomenon   observed  by   one 
^^^^  not  being  true  agglutination.    Meyer,  Neilson  and  Fensier  (9) 
^*    ^      inclined  to  believe  that  in  vivo  agglutination  does  not  occur,  and 
^^^^^^  that  the  disappearance  of  bacteria  from  the  blood  stream  is 
^^Vwibly  not  due  to  agglutination,  but  to  the  action  of  the  blood 
^lets  or  to  a  dispersion  phenomenon  of  two  colloids. 
^\Ve  are  not  prepared  at  present  to  offer  an  opinion  on  all  the 
^^rts  which  we  have  mentioned,  since  we  have  not  had  the  oppor- 
^ty  of  studying  them     This  paper  concerns  the  one  point  which 
have  studied,  namely:  the  relation  of  the  blood  platelets  to  the 
ntination  of  bacteria  in  the  blood  stream  of  animals  having  an 
,J*^ifieial   bacteremia,    and   the  part   which   these    elements   of  the 

*^iCK)d  play  in  the  abrupt  disappearance  of  bacteria  from  the  circula- 
tion, 

^  The  platelet  theory  has  as  its  basis  the  fact  that  when  certain 

^  w^cterial  suspensions  are  injected  into  the  circulation  of  rabbits  (or 

^L  other  animals)  the  injected  bacteria  and  the  platelets  collect,  within 

^^  a  few  seconds  time,  into  more  or  less  compact  clumps  (Fig.  1,  Plate 
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Plate  X. 

In  the  course  of  a  study  (1)  of  the  mechanism  by  which  the 
intravenous  administration  of  immune  serum  causes  an  abrupt  disap* 
pearance  of  the  organisms  from  the  blood  stream  of  rabbits  having 
a  pneumococcic  septicemia  or  bacteremia,  it  was  observed  that  the 
pneumococci  collected  into  clumps — ^were  agglutinated — immediately 
after  the  serum  was  injected.  It  was  further  observed  that  the 
bacterial  clumps  rapidly  left  the  circulation  and  collected  in  the 
capillaries  of  the  internal  organs — liver,  spleen,  lungs,  etc.  Similar 
observations  (2)  were  made  with  other  bacteria — dysentery  bacilli, 
typhoid  bacilli,  staphylococci,  etc.  Virulent  pneumococci  were  nc^t 
agglutinated  when  injected  into  the  circulation  of  normal  rabbits. 
The  conclusion  was  reached  that  there  was  a  definite  relation  between 
the  agglutination  of  bacteria  in  the  blood  stream  and  the  resistance 
of  the  animal  to  septicemic  infections,  i.e.,  the  greater  the  resistance 
of  the  animal,  the  more  extensive  the  agglutination,  and  the  more 
rapid  the  disappearance  of  the  bacteria  from  the  circulation.  This 
was  held  to  be  true  in  the  case  of  both  natural  and  artificially  acquired 
immunity,  active  or  passive. 

Since  tlie  publication  of  the  above  observations  and  conclusions 
other  investigators  have  reported  observations  which  tend  to  show  that 
our  deductions  were  too  comprehensive,  exceptions  to  the  general 
conclusion  being  pointed  out.  Some  have  even  questioned  the  occur- 
rence of  in  vivo  agglutination  of  bacteria.  Thus  Kitagawa  (3)  reports 
tliat  an  inagglutinable  strain  of  pneumococci  rapidly  disappeared 
from  the  circulation  of  immune  rabbits.  Manwaring  and  Coe  (4) 
found  Hint  pneumococci  adhere  to  the  endothelial  cells  of  th"e  hepatic 
capillaries  of  immune  rabbits,  while  they  are  not  retained  by  the  liver 

*  From  the  Department  of  Immunology,  School  of  Hygiene  and  Public  Health, 

the  Johns  Hopkins  University,  Baltimore. 
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instance  a  serum  was  obtained  which  caused  the  platelets  to  disappear 
rapidly  from  the  circulation  of  rabbits  without  affecting  the  leucocytes 
ar  erythrocytes. 

Immunized  animals. 

Active  acquired  immunity, — ^The  first  series  of  experiments  deals 
th  actively  immunized  rabbits.  A  number  of  rabbits  were  im- 
nized  with  each  of  the  following  organisms:  (a)  pneumococci,  (6) 
r  dysentery  bacilli,  (c)  typhoid  bacilli,  and  (d)  Staphylococcus 
eus.  The  details  of  the  individual  tests  are  given  in  the  following 
resentative  protocols. 

Experiment  1  A:  A  rabbit,  weight  2,150  grams,  had  been  given 

r  intravenous  injections  of  killed  Type  1  pneumococci.    Its  serum 

lutinated  the  homologous  organisms  in  a  dilution  of  1-25.     A 

lelet  count  gave  375,000  per  c.mm.    Three  c.c.  of  antiplatelet  serum 

re  injected  into  the  ear  vein.     Two  hours  later  the  platelets  had 

en  tQ  6,000*  per  c.mm.,  and  no  platelets  could  be  found  in  a 

ned  specimen  of  blood.    80,000  million  pneumococci  were  injected 

the  ear  vein,  and  specimens  of  blood  were  taken  from  the  heart 

culture  and  microscopic  examination  as  indicated  in  Protocol  A 


Protocol  A. 
Agglutination  of  pneumococci  in  a"  deplaieletized  ' '  immune  rabhit. 


X  Ime  after 
V>xx«timooncci 
'^•^  ^»e  injected. 

Specimen 

of  heart 

blood. 

Colonies 
I>er  c.c. 

Bacterial 
clumps. 

Platelets. 

<>'          5"» 

O'     40" 

\'         5" 

»'      X5" 

,^:  S5" 

let 

2d 

3d 

4th 

5th 

6th 

7,860,000 

2,000,000 

1,200,000 

65,000 

20,000 

6,000 

many 

fewer 

It 

none 

none 

Experiment  1  B :  The  rabbit  used  in  this  test  weighed  2,000  grams, 

.  ^^  had  been  immunized  with  killed  cultures  of  Type  1  pneumococci ; 

^    serum  agglutinated  the  homologous  organisms  in  a  dilution  of 

^'^SO.    A  platelet  count  gave  350,000  per  c.mm.  of  blood.     80,000 

*  Since  it  is  not  possible  to  distinguish  with  certainty  a  blood  platelet  from 
''^ielee  of  other  materials  in  the  counting  chamber,  siich  low  platelet  counts  mean 
^^  tliere  were  not  more  and  probably  fewer  platelets  present  than  the  figures 

• ' — minutes,  " — seconds. 
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X)   and  that  the  clumps  soon  leave  the  circulating  blood.     Tl 
phenomenon  can  easily  be  observed  by  injecting  a  suspension  - 
Flexner  dysentery  bacilli  into  the  ear  vein  of  a  normal  rabbit,  or 
suspension  of  pneumococci  into  the  ear  vein  of  an  immune  rabbr: 
and  taking  specimens  of  blood  from  the  heart  from  30  seconds  to 
minutes  after  the  injection  is  made.    The  part  of  the  theory  whii 
concerns  the  destruction  of  the  bacteria  by  the  platelets  is  -pxicely^ 
hypothetical. 

This  association  of  the  platelets  with  the  clumps  of  bacteria,  or 
of  the  bacteria  with  the  clumps  of  platelets,  was  observed  in  our  first 
work  on  the  mechanism  of  the  abrupt  disappearance  of  the  bacteria 
from  the  circulation  of  resistant  animals^  but  it  was  not  considered  to 
be  essential  to  the  phenomenon  of  in  vivo  agglutination,  because 
platelets  were  not  always  attached  to  or  mixed  with  the  bacterial 
clumps  (Fig.  2,  Plate  X),  particularly  in  the  case  of  immunized 
animals.  We  have  attempted  to  answer  three  questions,  namely:  (1) 
Are  platelets  essential  to  the  collection  into  masses  (agglutination)  of 
bacteria  in  immunized  animals?  (2)  in  normal  animals t  and  (3) 
do  the  platelets  play  an  essential  role  in  the  abrupt  disappearance 
of  bacteria  from  the  circulation  of  animals  in  which  an  artificial 
bacteremia  is  produced?  The  general  plan  of  study  was  to  make 
identical  tests  in  normal  rabbits  and  in  rabbits  whose  blood  platelets 

■ 

had  been  destroyed  or  removed  from  the  circulation. 

Experimental. 

Oeneral  technique, — The  technique  of  the  experiments  was  in  part 
the  same  as  that  previously  described  (1).  From  2  to  5  c.c.  of  bac- 
terial suspensions,  of  suitable  densities,  were  injected  into  the  ear  veins 
of  rabbits,  and  specimens  of  blood  for  microscopic  observation  and 
culturing  were  taken  from  the  heart  at  intervals  varying  from  5  seconds 
to  2  hours  after  the  injections  were  made.  When  passively  immunized 
animals  were  being  tested  the  immune  serum  was  given  intravenously 
a  few  minutes  before  the  bacteria  were  injected.  Platelet  counts 
were  made  by  Wright's  method,  which  proved  to  be  satisfactory  for 
our  purpose.  The  animals  were  **  deplateletized  "  by  the  intravenous 
administration  of  an  anti-platelet  serum  which  was  prepared  by 
giving  guinea  pigs  three  or  four  intraperitoneal  injections  of  the 
washed  platelets  from  50  to  60  c.c.  of  rabbit  blood.  The  guinea  pigs 
were  bled  from  7  to  10  days  after  the  last  injection,  and  in  every 
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Passive  acquired  immunity. — The  experiments  just  described  were 

rex^^tc^  i^  rabbits  passively  immunized  to  the  different  bacteria.    The 

bacteria  were  agglutinated  and  disappeared  from  the  circulation  of 

th^   rabbits  whose  platelets  had  been  destroyed  just  as  quickly  and 

eoxaapletely  as  they  did  in  the  controls.    Experiments  2  A  and  2  B 

wf  til  typhoid  bacilli  will  serve  to  illustrate  the  results  obtained  with 

th^     passively  immunized  animals. 

Experiment  2  A:  A  rabbit  weighing  1,800  grams  was  given  3  c.c. 
of  .^antiplatelet  serum.  Two  hours  later  a  platelet  count  gave  7,000 
pexT"  c.mm.,  and  no  platelets  could  be  found  in  stained  blood  films. 
10  ^z!.c.  of  antityphoid  serum  was  injected  into  the  ear  vein  and  two 
mixiz^  -utes  later  70,000  million  typhoid  bacilli  were  injected  into  the 
otli  ^E^r  ear  vein.  Specimens  of  blood  were  taken  from  the  heart  for 
cul  "t  Tire  and  films,  as  indicated  in  Protocol  C. 


Ag 


Protocol  C. 
utinatUyn  of  typhoid  bacilli  in  a  passively  immune  "  deplaieletieed  "  rdbhit. 


'^3nm  after 
injected. 


Specimen 

of  heart 

blood. 


Colonies 
per  c.c. 


Bacterial 
clumps. 


Platelets. 


20,640,000 

6,500,000 

2,006,000 

500,000 

60,000 


many 
fewer 

ti 
none 


none 


K 
(( 


txperim^ni  2  B:  X  rabbit,  weight  1,850  grams,  platelet  count 
w>,CDOO  per  c.mm.,  received  10  c.c.  of  antityphoid  serum  in  the  vein 
wi«-    cne  minute  later  70,000  million  typhoid  bacilli.    Protocol  D  gives 
the    fSetails  of  the  cultures  and  films  of  the  blood  specimens. 

I'hroughout  the  experiments  on  immunized  animals  it  was  noticed 

th^t  the  first  specimen  taken  after  the  bacteria  were  injected  contained 

*^    Neatest  number  of  bacterial  clumps  without  platelets.    In  some 

^^^^nees,   particularly  with   pneumococci   and   dysentery  bacilli,   a 

P^^t  majority  of  the  clumps  had  no  platelets  associated  with  them. 

^^^  subsequent  specimens  contained  more  and  more  clumps  of  bacteria 

^"^^d  with  platelets.    This  observation  leads  one  to  believe  that  the 

^**^ria  are  agglutinated  before  the  platelets  become  attached  to 

^^^ix.    This  point  will  be  referred  to  again  in  connection  with  the 

^^riments  on  normal  rabbits. 
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Pbotocol  D. 
Agglutination  of  typhoid  haoUli  in  a  passively  immune  "  normal  "  rdbW. 


Time  after 

bacilli 

were  injected. 

Spedmen 

of  heart 

blood. 

Colonies 
per  c.c. 

Bacterial 
dumps. 

Platfleta. 

0'    5" 

1st 

2d 

3d 
4th 
5th 
6th 

18,500,000 
3,500,000 

2,800,000 
750,000 
100,000 

many* 

fewer 
« 

it 

it 

numeroiis 

0'  30" 

K 

V  50" 

<• 

3'  50" 

«« 

6'    0" 

<i 

9'  50" 

U                       \                        •< 

Normal  animals. 

A  series  of  experiments  was  made  with  normal  rabbits.  The 
general  technique  was  similar  to  that  just  described  in  connection 
with  the  experiments  on  immunized  rabbits.  Two  rabbits  of  equal 
size  were  used  in  each  test,  one  being  deplateletized  ai^d  the  other 
not.  In  some  instances,  particularly  in  the  experiments  with  B. 
typhosus,  the  titer  of  the  natural  agglutinins  was  determined  and 
rabbits  having  equal  titers  were  chosen  for  the  individual  tests.  Three 
species  of  bacteria  were  used,  namely:  B.  typhosus,  B.  dysenteri€ie 
(Flexner),  and  Staphylococcus  pyogenes  aureus.  The  details  of  the 
experiments  are  given  in  the  following  type  protocols. 

B.  dysenteriae  (FUxner). — A  large  number  of  tests  were  made 
with  this  organism.  Since  the  results  were  regularly  similar,  one 
detailed  experiment  (Experiment  3)  will  suffice  for  the  purpose  of 
illustration. 

Experivient  3:  A  platelet  count  was  made  on  each  of  three  rabbits. 
The  number  of  platelets  per  c.mm.  were,  respectively,  245,000,  260,000, 
and  395,000.  The  rabbit  (Protocol  G)  which  had  the  highest  platelet 
count  was  given  2  c.c.  of  antiplatelet  serum  in  the  ear  vein,  and  45 
minutes  later  the  count  was  7,000.  The  rabbits  were  now  tested  for 
in  vivo  agglutination  and  the  rate  of  disappearance  of  the  bacilli  from 
the  blood  stream.  Each  rabbit  received  an  intravenous  injection  of 
75,000  million  dysentery  bacilli,  and  blood  specimens  were  taken  from 
the  heart  as  indicated  in  the  respective  protocols. 

*  lu  the  first  specimen  of  blood  there  were  many  clumps  of  bacilli  which  iv^re 
free  of  platelets,  in  the  second  si^ecimen  only  a  few  and  in  the  other  specimeiia  aD 
of  the  clumps  were  attached  to  clumps  of  platelets. 
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Protoool  E. 
Aggluiinaiion  of  dysentery  hacUli  in  a  normal  rdbhU. 


Time  after 

baeilH 

were  injected. 
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of  heart 

blood. 

Clumps 

of 
bacilli. 

Clumps  of 

bacilli  and 

platelets. 

FreebaciUi. 

0'     5" 

1st 

2d 

3d 

4th 

5th 

6th 

+ 

+  +  + 

0                1         +  +  + 

(K  30" 

0                   1           + 

0'  50" 

1 
+  +               1            -4-  + 

H- 

0'  10" 

0 
0 

+ 

-h 

r  30" 

-4- 

4-- 

r  60" 

i            •                1 
0                            +              1        0 

Protocol  F. 
Agglutination  of  dysentery  hacilli  in  a  normal  ra^hit. 


Time  after 

bacilli 

were  injected. 
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of  heart 

blood. 

Clumps 

of 
bacilli. 

Clumps  of 

baciUi  and 

platelets. 

FreebaciUi. 

O'  10" 

Ist 

2d 

3d 

4th 

6th 

6th 

+ 
+  + 

0 
0 
0 
0 

0 

H-  + 

O'  60" 

-i- 

1'  30" 

+ 

2*     5" 

H — 

2*  40" 

0 

3'  30" 

0 

Protocol  G. 
Agglutination  of  dysentery  bacilli  in  a  normal  **  deplateletieed  "  rabbit. 


Time  after 
badUi 
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0*  10" 
0*  38" 

V  12" 

V  54" 
2f  36" 
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Clumps 

of 
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3d 
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+  +  + 

4. 

* 

0 


Clumps  of 

bacilli  and 

platelets. 


0 
0 
0 
0 
0 
0 


Free  bacilli. 


+ 

-4- 

+ 

0 
0 


Protocols  E,  F,  and  G  present  two  points  of  interest.  First,  the 
absence  of  the  platelets  did  not  perceptibly  influence  the  agglutination 
of  the  bacilli  (Fig.  7,  Plate  X)  or  their  disappearance  from  the  blood 
stream.  Second,  the  first  and  second  specimens  of  blood  from  one  of 
the  rabbits  (Protocol  E)  whose  platelets  had  not  been  removed  and 
the  first  specimen  from  the  other  (Protocol  B)  contained  only  clumps 
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of  bacilli  with  which  no  platelets  were  mixed.    The  following  specii^^^ 
in  each  case  contained  clumps  of  bacilli,  both  with  and  without    ^ly 
admixture  of  platelets,  while  in  the  later  specimens  there  were  oir^a 
mixed  clumps.    This  observation  indicates  that  here  again  the  bacter^O)! 
are  first  agglutinated   and  then  come  in  contact  with  clumps  o^ 
platelets.  >e 

B,  typhosus. — Since  the  sera  of  normal  rabbits  show  considerable 
variations  with  respect  to  agglutination  of  typhoid  bacilli,  the  sermn 
of  each  rabbit  was  titrated  in  vitro,  before  the  in  vivo  tests  were 
made.  The  sera  were  heated  at  56°  C.  for  thirty  minutes  and  the  titers 
determined  by  the  macroscopic  method.  The  titers  varied  from  a  1-2 
to  a  1-16  dilution  of  serum.  The  individual  tests  were  made  on  rabbits 
having  equal  agglutinating  titers.  Experiment  4  illustrates  the  re- 
sults. 

Experiment  4:  Three  rabbits  were  used  in  this  experiment.  Two 
had  agglutinating  titers  of  1-^,  the  other  1-16.  One  of  the  rabbits 
with  a  1-4  agglutinating  titer  (Protocol  I)  and  the  one  with  the  1-16 
titer  (Protocol  J)  were  given  antiplatelet  serum.  The  other  rabbit 
(Protocol  H)  was  used  as  a  control.  Each  rabbit  was  given  an 
intravenous  injection  of  75,000  million  typhoid  bacilli,  and  specimens 
of  blood  were  taken  from  the  heart  at  short  intervals  and  examined 
microscopically  to  determine  the  extent  of  the  agglutination  of  the 
bacilli  and  the  rate  of  their  disappearance  from  the  circulation.  The 
observations  are  recorded  in  Protocols  II,  I,  and  J. 

Protocol  H. 


Agglutination  of  typhoid  bacilli  in  a  normal  rabbit  (control). 


Time  after 

bacilli 

were  injected. 


0'    7". 

0'  47". 

2'  21". 

4'  18". 

7'  22". 
10'  1". 
17'  13". 
20'    3". 


Specimen 

of  heart 

blood. 


1st 

2(1 

3d 

4th 

5th 

6th 

7th 

8th 


Clumpa 

of 
bacilli. 


Clumps  of 

bacilli  and 

platelets. 


FreebacilU. 


0 

0 

+++ 

+ 

H- 

++ 

0 

++ 

+ 

0 

+  +  + 

4- 

0 

++ 

-f 

0 

+ 

+ 

0 

0 

-r 

0 

0 

4- 

BLOOD  PLATELETS  AND  BAt'.TERIAL   AGGLUTINATION. 


217 


Protocol  I. 
Agglutination  of  typhoid  bacilli  in  a  normal  **  deplatelet\eed  "  rabbit. 
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Peotocol  J. 
Agglutination  of  typhoid  bacilli  in  a  normal ' '  deplaieUtized  ' '  rabbit. 
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It  is  shown  by  Experiment  4  that  typhoid  bacilli  agrglutinate  (Fig. 
8,  Plate  X)  in  the  blood  stream  of  normal  rabbits,  and  also  that  the 
bacilli  rapidly  leave  the  circulation.  Both  the  agglutination  and 
the  disappearance  of  the  bacilli  from  the  circulation  seem  to  be  directly 
related  to  the  potency  of  the  natural  agglutinins  rather  than  to  the 
presence  of  the  blood  platelets.  The  agglutinating  titers  of  the  sera 
of  the  rabbits  used  in  Protocols  H  and  I  were  the  same,  1-4.  The 
bacilli  left  the  circulation  with  about  equal  rapidity.  The  difference 
was  in  favor  of  the  deplateletized  rabbit  (Protocol  I),  no  bacilli  being 
found  in  the  films  of  the  20-minute  specimen  of  blood,  while  they 
were  found  in  the  corresponding  specimen  from  the  control  rabbit. 
Agglutination  occurred  in  both  instances.  In  the  normal  rabbit 
(Protocol  H)  platelets  were  mixed  with  all  of  the  chimps,  with  the 
exception  of  the  second  specimen,  w^hich  contained  some  platelet-free 
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clumps  of  bacilli,  while  there  were  no  platelets  in  any  of  the  specime:^ 
from  the  deplateletized  rabbit.    In  both  cases  the  unagglutinated  baci^ 
were  the  last  to  disappear.    In  Protocol  J  no  bacilli  were  found  in 
specimens  taken  4  minutes  and  10  seconds  after  the  bacteria  we 
injected.    This  rabbit  had  been  deplateletized,  but  the  serum  had 
high  agglutinating  titer,  1-16. 

Other  similar  tests  were  made  with  rabbits  whose  sera  had  ve 
low  agglutinating  titers.  The  bacilli  were  only  slightly  agglutinated 
end  remained  in  the  circulation  a  comparatively  long  time,  no  ap- 
preciable reduction  in  the  number  of  organisms  occurring  wiChin  ten 
minutes  after  the  injections  were  made.  The  results  were  the  same, 
however,  in  the  normal  and  the  deplateletized  rabbits. 

Staphylococcus   pyogenes   aureiLS. — ^This    organism   was   selected 
because  the  sera  of  normal  rabbits  agglutinate  it  only  slightly,  or  not 
at  all.    A  large  number  of  rabbits  were  tested  for  natural  agglutinins, 
and  none  of  the  sera  agglutinated  the  cocci  within  two  hours  at  37**  C. 
If  the  tests  were  kept  at  37°  C.  for  two  hours  and  then  allowed  to 
remain  at  room  temperature  for  18  hours,  agglutination  occurred  in 
some  instances  in  1-4  and  1-8  dilutions  of  serum.     However,  when 
a  rabbit  was  tested  several  times,  at  short  intervals,  the  results  were 
very  irregular,  and  the  presence  or  absence  of  natural  agglutinins 
was  disregarded.     The  procedure  was  the  same  as  with  the  other 
bacteria,  i.e.,  the  rabbits  were  paired,  one  being  given  antiplatelet 
serum  and  the  other  not.    The  blood  specimens  were  both  plated  and 
examined  microscopically.    A  number  of  tests  were  made,  from  14,000 
million  to  80,000  million  cocci  being  injected,  but  since  the  results 
were  uniformly  similar  only  two  experiments  will  be  given  in  detail. 

Experiment  .5  A:  Two  rabbits  of  equal  weight  were  selected.     One 
had  a  platelet  count  of  375,000,  the  other  400,000.    The  latter  (Pro- 


am 


e 

re 

a 


Protocol  K. 
Disappeco-ance  of  staphylococci  from  the  blood  stream  of  a  normal  rabbit. 
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tocol  L)  was  given  3  cc.  of  antiplatelet  serum.    Both  rabbits  were 

given  15,000  million  staphylococci  in  the  ear  vein,  and  four  specimens 

of  blood  were  taken  from  the  heart,  at  intervals  of  about  15  minutes. 

See  Protocols  K  and  L. 

Protocol  L. 

JHsappearance  of  staphylococci  from  the  blood  stream  of  a**  deplateletised  ' ' 

normal  rabhit. 
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PbotocolM. 
Disappearance  of  staphylooocoi  from  the  blood  stream  of  a  normal  rabbit. 
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Experiment  5  B:  Two  rabbits,  each  weighing  2,000  grams,  had 
platelet  counts  of  425,000  and  372,000  respectively.  The  rabbit  having 
the  lowest  platelet  count  was  given  3  c.c.  of  antiplatelet  serum.  Both 
rabbits  were  given  14,000  million  staphylococci  in  the  ear  vein  and 
eight  specimens  of  blood  were  taken  from  the  heart  during  the 
succeeding  7  minutes.    The  details  are  given  in  Protocols  M  and  N. 


Peotocol  N. 

Disappearance  of  staphylococci  from  the  "blood  stream  of  a**  deplateietieed  ** 

normal  rabbit. 
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Experiments  5  A  and  5  B  show  that  the  blood  platelets  do  not  play 
an  essential  role  in  the  disappearance  of  staphylococci  from  the  blood 
stream  of  normal  rabbits,  and  also  that  in  vivo  agglutination  doe^  not 
occur,  except  possibly  to  a  slight  degree  in  some  instances.  In  the 
first  experiment  (5  A)  the  blood  specimens  were  taken  from  10  seconds 
to  about  one  hour  after  the  cocci  were  injected  into  the  ear  vein,  and 
it  is  seen  that  comparatively  few  organisms  are  in  the  blood  at  the 
expiration  of  15  minutes,  and  that  the  number  is  only  slightly  reduced 
after  this  time.  There  was  no  appreciable  difference  in  the  rate  of 
disappearance  in  the  normal  and  the  deplateletized  rabbit,  the  slight 
difference  being  in  favor  of  the  rabbit  whose  platelets  had  been 
destroyed.  Experiment  5  B  covers  only  the  first  phase  of  the  disap- 
pearance curve.  Here  tigain  cocci  left  the  circulation  of  the  deplate- 
letized rabbit  somewhat  more 'rapidly  than  that  of  the  normal  rabbit. 
Our  conclusion  is  that  the  platelets  do  not  materially  influence  the 
disappearance  curve,  the  discrepancies  in  the  number  of  organisms  in 
the  corresponding  blood  specimens  being  due  to  variations  in  other 
respects  in  the  individual  rabbits  and  to  imperfections  of  the  tech- 
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nique.  At  least,  the  absence  of  the  platelets  does  not  retard  the 
disappearance  of  the  bacteria  from  the  circulating  blood.  The  collec* 
tion  of  the  cocci  on  clumps  of  platelets  must  be,  therefore,  an  inci- 
dental phenomenon. 

Discussion. 

The  observations  recorded  above  show  quite  definitely  that  bacteria 
are  agglutinated   immediately  after  being  injected  into  the   blood 
stream  of  immunized  animals.     The  reaction  is  completed  within  a 
few  minutes,  and  the  clumped  bacteria  disappear  from  the  circulating 
Hood.    In  normal  rabbits,  i.e.,  rabbits  whose  platelets  have  not  been 
destroyed,  platelets  are  frequently  mixed  with  the  bacterial  clumps. 
It  is  evident,  however,  that  the  platelets  are  not  essential  to  the 
:f  ormation  of  the  bacterial  clumps  since,  even  with  the  normal  number 
of  platelets  present,  many  clumps  have  no  platelets  associated  with 
"Wiem.    It  is  indicated,  moreover,  that  in  the  formation  of  the  mixed 
cslumps   (platelets  and  bacteria)   the  bacteria  are  first  agglutinated 
^and  then  pick  up  the  platelets,  because  the  earlier  specimens  of  blood 
c^ontain  many  more  platelet-free  clumps  of  bacteria  than  the  later 
specimens.     The  experiments  with  immunized  rabbits  whose  blood 
practically  free  of  platelets  show  conclusively  that  the  blood 
)latelets  are  in  no  way  essential  to  the  phenomenon  of  in  vivo 
"^agglutination,  and  the  abrupt  disappearance  of  the  bacteria  from  th  ? 
ilood  stream.     With  normal  rabbits  the   results   are  variable  and 
lepend  upon  the  kind  of  bacteria  used.     Flexner  dysentery  bacilli 
"^^egularly  behave  in  normal  rabbits  as  pneumococci  do  in  immunized 
"^^abbits,  i.e.,  they  are  actively  agglutinated  and  leave  the  circulation 
ixidependently  of  any  influence  of  the  platelets.    Varying  results  were 
^^btained  with  typhoid  bacilli,  particularly  with  regard  to  agglutina- 
^  ion.    If  the  serum  contained  few  or  no  agglutinins  for  this  organism, 
"fhere  was  little  or  no  clumping  of  the  bacilli  in  deplateletized  rabbits, 
^ut  they  collected  on  clumps  of  platelets  in  the  control  rabbits.    If  the 
^crum  contained  more  agglutinins,  the  bacilli  were  agglutinated  and 
"Rapidly  left  the  blood  stream  in  the  absence  of  platelets.    The  clumping 
^nd  disappearance  of  the  bacilli  from  the  circulation  were  directly  re- 
lated to^the  agglutinin  content  of  the  serum,  and  were  independent  of 
tlie  number  of  platelets  present.    Staphylococcus  aureus  did  not  aggluti- 
nate in  the  normal  rabbits  whose  platelets  had  been  destroyed,  but 
collected,  to  a  greater  or  less  extent,  on  clumps  of  platelets  in  rabbits 
having  the  normal  number  of  platelets.    But  even  in  this  case  the 
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cocci  left  the  circulating  blood  just  as  quickly  in  the  deplateletized 
as  in  the  control  rabbits.  It  is  concluded,  therefore,  that  neither  the 
agglutination  of  bacteria  within  the  blood  stream  nor  their  disap- 
pearance from  it  can  be  ascribed  to  a  function  of  the  platelets. 

It  now  seems  possible  to  define  clearly  the  sequence  of  events 
which  occurs  when  bacterial  suspensions  are  injected  into  the  blood 
stream.    If  the  animal  possesses  an  appreciable  amount  of  agglutinins 
the  bacteria  are  immediately  agglutinated  and  rapidly  leave  the  blood 
stream,  collecting  in  the  capillary  systems  of  the  liver,  spleen,  lungs, 
etc.    As  the  clumps  of  bacteria  form  they  may  become  associated  with 
clumps  of  platelets,  before  leaving  the  blood  stream,  but  the  platelets 
are  not  essential  either  to  the  agglutination  or  to  the  disappearance 
of  the  bacteria  from  the  blood  stream,  since  they  both  occur  when  the 
blood  contains  no  platelets.    If  the  bacteria  are  not  agglutinated,  but 
are  so  affected  as  to  make  them  more  **  adhesive  ''  (opsonized!)  they 
become  attached  to  chimps  of  platelets  and  then  collect  in  the  capillary 
systems.    Here,  again,  the  platelet  phase  is  merely  incidental,  for  when 
platelets  are  not  present  the  bacteria  adhere  directly  to  the  capillary 
endothelium,  leaving  the  circulating  blood  as  quickly  as  when  the 
platelets  are  present.     If  the  bacteria  are  neither  agglutinated  nor 
opsonized,  as  is  the  case  with  virulent  pneumococci  in  normal  rabbits, 
they  do  not  leave  the  blood  stream  abruptly,  but  continue  to  circulate 
in  the  blood  and  produce  a  septicemia  without  a  reduction  in  the  num- 
ber of  organisms  having  occurred.    The  **  adhesive  "  effect  mentioned 
above  is  considered  to  be  a  preagglutination  effect,  i.e.,  if  the  bacteria 
were  more  intensely  affected  agglutination  would  result.     It  is  due 
to   such   an   action   on  the   part  of  the   plasma  that  staphylococci 
rapidly  leave  the  blood  stream  of  normal  rabbits  and  collect  in  the 
viscera,  and  it  offers  an  explanation  of  the  observations  of  Kitagawa 
(3)  on  inagghitinable  pneumococci  and  of  Manwaring  and  Coe  (4)  on 
the  collection  of  pneumococci  in  the  hepatic  capillaries,  as  the  result 
of  treating  the  organisms  with  an  immune  serum  which  was  diluted 
beyond  its  agglutinin  titer.    The  pla.sma  of  normal  rabbits  does  not 
affect  vinilont  pneumococci  even  to  this  extent,  and  consequently  these 
organisms  remain  in  the  blood  stream. 

Summary  and  conclusions. 

1.  When  bacterial  suspensions  are  injected  into  the  circulation 
of  imnninized  rabbits,  or  of  normal  rabbits  having  natural  agglutinins, 
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the  bacteria  are  immediately  agglutinated  and  rapidly  leave  the 
blood  stream.  The  blood  platelets,  when  present,  become  attached 
to  a  majority  of  the  clumps  of  bacteria,  but  both  the  agglutination  and 
the  disappearance  of  the  bacteria  from  the  circulation,  of  either 
normal  or  immunized  animals,  are  just  as  complete  and  rapid,  when 
the  platelets  are  absent. 

2.  Suspensions  of  Staphylococcus  OfXirens  are  not  agglutinated, 
%¥hen  injected  into  the  circulation  of  normal  rabbits,  but  the  bulk  of 
the  organisms  rapidly  leave  the  blood  stream.     When  platelets  are 
present  they  collect  into  clumps  to  which  many  of  the  cocci  become 
a^ttached  before  leaving  the  circulation,  but  the  cocci  leave  the  circula- 
tion with  equal  rapidity  when  no  platelets  are  present.    In  this  case 
the  bacteria  leave  the  blood  stream  because  the  plasma  so  alters  them 
that  they  adhere  to  the  endothelial  cells  of  the  capillary  systems. 

3.  Virulent   pneumococci   remain   in   the   circulation   of  normal 
^ablits,  because  they  are  neither  agglutinated  nor  opsonized. 

-4.  Depending  upon  the  antibody  content  of  the  blood,  one  of  three 
tJiixigs  occurs  when  artificial  bacteremias  are  produced,  viz.:  (1)  the 
bac^-fceria  are  neither  agglutinated  nor  opsonized,  and  continue  to 
<^ii*c*Tilate  in  the  blood  stream,  (2)  the  bacteria  are  agglutinated,  or 
*J*^  l)oth  agglutinated  and  opsonized,  and  rapidly  leave  the  circulating 
Wc>^>d  and  collect  in  the  capillary  systems  of  the  liver,  spleen,  lungs, 
^"t^^-,  or  (3)  the  bacteria  are  not  agglutinated,  but  are  opsonized  and 
-dly  leave  the  circulating  blood  and  likewise  collect  in  the  internal 
.ns. 
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ON  THE  PRODUCTION  OF  HEMOLYSINS  AND  HEMAG- 
GLUTININS IN  THE  DOMESTIC  FOWL.* 
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The  prodiietion  of  immune  hemolytic  sera  was  first  demonstrated 
by  Bordet  (1)  in  1898.  He  injected  rabbit  blood  into  the  guinea  pig 
and  made  the  far-reaching  observation  that  the  senim  from  the  treated 
animal  became  powerfully  lytic  for  rabbit  corpuscles.  Subsequent 
observations  on  different  species  of  animals  and  with  many  different 
kinds  of  red  corpuscles  have  shown  that  Bordet 's  discovery  holds 
as  a  general  principle  in  immunological  reactions,  i.e.,  the  serum  of 
an  animal  that  has  been  treated  with  the  red  corpuscles  of  another 
species  becomes  powerfully  lytic  for  these  cells.  The  acquired  lytic 
property  is  due  to  an  increase  in  the  thermostabile  amboceptor  or 
sensitizer  content  of  the  serum.  It  is  equally  true,  on  the  other  hand, 
that  all  animal  species  do  not  react  equally  to  immunization  with  the 
corpuscles  of  a  particular  species,  and  that  a  given  species  does  not 
react  in  the  same  manner  to  different  kinds  of  corpuscles.  For  ex- 
ample, the  cat  and  the  dog  respond  very  poorly,  compared  with  the 
rabbit,  to  intraperitoneal  injections  of  sheep  corpuscles.  The  rabbit 
yields  a  most  potent  sensitizer  for  sheep  corpuscles  but  produces  a 
less  potent  serum  for  human  corpuscles.  Very  potent  hemagglutinat- 
ing  and  hemolji:ic  serum  is  obtained  from  the  rabbit  by  intravenous 
injections  of  fowl  cells,  while  with  ox  cells  one  obtains  a  serum  of  high 
hemolytic  titer,  but  the  agglutinating  titer  is  practically  nil.  P^urtlier 
examples  might  be  cited  to  show  that  it  is  not  possible  to  predict  the 
result  of  immunizing  a  given  species  with  a  particular  kind  of  cell 
and  that  each  case  must  be  determined  by  trial. 

The  present  paper  deals  with  the  production  of  hemolysins  and 
hemagglutinins  in  the  domestic  fowl.  Citron  (2)  specifically  mentions 
the  domestic  fowl  as  one  of  the  species  most  suitable  for  the  produc- 
tion of  hemolytic  sera.  In  his  **  Immunity  "  (Garbat  translation, 
1912,  page  131)  the  following  st-atement  is  found:  **  As  far  as  the 

*  From  the  Department  of  Immunology,  School  of  Hygiene  and  Public 
Health,  the  Johns  Hopkins  University,  Baltimore. 
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technique  for  obtaining  immune-hemolysins  is  concerned,  the  rules 
which  hold  for  every  process  of  immunization  are  naturally  to  be 
followed  here  also.  It  is  not  possible,  however,  to  immunize  every 
kind  of  animal  against  every  type  of  blood  corpuscle.  Babbits,  goats, 
horses,  and  chickens  are  the  ones  which  are  best  adapted  to  supply 
hemolytic  sera.  An  animal  produces  a  better  hemolysin  the  remoter 
its  relationship  to  the  animal  from  which  the  erythrocytes  for  injection 
are  taken.'*  No  evidence  is  given  to  justify  the  inclusion  of  the 
domestic  fowl  among  the  species  best  adapted  to  produce  hemolytic 
sera,  and,  so  far  as  is  known  to  me,  none  exists.  In  spite  of  this  fact 
Citron's  statement  is  still  taken  at  its  face  value.  Thus,  Guyer  and 
Smith  (3)  have  recently  made  use  of  it  in  support  of  their  contention 
of  having  produced  in  the  chicken  a  serum  lytic  for  the  leye  lens  of 
the  rabbit,  with  which  results  of  great  biological  significance  were 
obtained.  The  serum  of  chickens  which  had  been  treated  with  rabbit 
lens  was  injected  into  the  circulation  of  pregnant  rabbits.  Some  of 
the  young  of  these  rabbits  had  an  eye  defect  which  was  passed  on 
to  succeeding  generations.  It  was  contended  that  the  eye  defect  was 
in  all  probability  due  to  the  cytolytic  action  of  the  chicken  serum, 
since  chickens  were  known  to  be  good  cytolysin  (hemolysin)  producers. 
Before  taking  up  the  experimental  work  it  is  necessary  to  point 
out  that  chicken  serum  is  distinctly  peculiar  with  respect  to  the  re- 
activation of  its  hemolytic  action.  As  a  rule,  sera  containing  either 
native  or  acquired  hemolysins  can  readily  be  reactivated  with  fresh 
serum  from  the  same  or  other  species.  Heated  or  aged  chicken  serum 
is  an  exception  to  this  rule.  Reactivation  does  not  occur  when  the 
corpuscles,  sensitizer,  and  complement  are  mixed  in  the  usual  way. 
It  is  necessary  to  mix  and  incubate  the  sensitizer  and  complement, 
before  the  corpuscles  are  added,  if  hemolysis -is  to  be  effected  (4). 

Experimental 

Domestic  fowls  were  treated  over  varying  periods  of  timt*  with 
the  blood  corpuscles  of  the  following  species :  pigeon,  sheep,  guinea  pig, 
ox,  and  rabbit.  The  agglutinating  and  hemolytic  titers  of  the  serum 
were  determined  both  before  and  during  the  course  of  the  treatment. 
A  record  of  tlie  titration,  the  kind  of  corpuscles  used,  the  routes  of 
injection,  etc.,  is  given  in  connection  with  each  individual  case. 

General  technique.  Fresh  corpuscles  were  used  both  for  the  in- 
jections and  titrations.  The  blood  was  collected  in  a  solution  of  sodium 
citrate,  the  corpuscles  sedimented  by  centrifugalization,  washed  four 
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tixxies  in  large  volumes  of  salt  solution,  and  finally  enough  salt  solution 

Kr^i^  added  to  make  the  volume  the  same  as  that  of  the  whole  blood. 

A.ny  further  dilution  is  indicated  in  the  individual  protocols.     The 

cfa.  icken  serum  was  obtained  by  collecting  the  blood  from  the  wing 

v^in  and  centrifugalizing  it  after  clotting  had  occurred. 

The  hemolytic  power  of  the  fresh  serum  was  determined  without 

tlM.  ^s  addition  of  foreign  serum  as  complement.     This  will  be  spoken 

oi^       as  the  **  active  "  hemolytic  titer.    The  test  was  made  by  putting 

re^:mrying  quantities  of  undiluted  serum  and  of  %o  or  %oo  dilutions  in 

a    ^«ries  of  serological  tubes,  bringing  the  volume  up  to  0.9  c.c.  with 

8a.T^  solution  and  then  adding  0.1  c.c.  of  a  ^4  dilution  of  corpuscles. 

Tin. «  tubes  were  thoroughly  shaken  and  put  in  the  water  bath  (37°  C.) 

t(^'mr^  one  hour.    Readings  were  made  at  the  end  of  the  incubation  period. 

Tln.^  degree  of  hemolysis  was  noted  and  indicated  in  the  records  by 

ncE  Tubers,  4  signifying  complete,  1-  a  trace  of  hemolysis,  and  3,  2  and 

1     intermediate  degrees.     The  agglutinating  power  of  the  sera  was 

d&"fc^rmined  in  a  similar  manner,  after  inactivation  at  55**  C.  for  30 

mi  zautes. 

During  the  first  part  of  the  work  we  were  unable  to  reactivate 
th^  hemolytic  property  of  the  serum  after  it  had  been  heated  at  55°  C. 
foT*  30  minutes.  A  number  of  fresh  sera  were  used  as  complement, 
^^^<:i  our  results  were  uniformly  negative.  It  was  found  later  that 
th^  natural  hemolysins  for  rabbit  cells  could  be  reactivated  after 
^Aestivation  at  55°  C.  with  either  fresh  guinea  pig  or  fresh  chicken 
8^^^""Xain.  This  point  will  be  considered  more  fully  in  connection  with 
thci    protocols  in  which  it  was  employed. 

-Experiment  1  (Rabbit  corpuscles).    A  large  Plymouth  Rock  hen, 

^^<^se  serum  had  an  **  active  **  hemolytic  titer  of  %5,  was  given  first, 

^*    Subcutaneous,  and  then  2  intravenous  injections  of  rabbit  corpuscles 

™^^ing  the  course  of  three  months.    The  injections  were  made  at  from 

"^c^  7  day  intervals,  a  total  of  62.5  c.c.  of  corpuscles  being  given.    The 

^^<ind  intravenous  injection  (2  c.c.  of  corpuscular  suspension)  caused 

*    ^^vere  reaction,  simulating  an  anaphylactic  shock.     The  hen  was 

^^"^nd  dead  one  week  later.    The  serum  was  tested  for  both  hemolysins 

*^^  hemagglutinins  at  six  different  times  during  the  course  of  the 

^^^^tment.     The  hemolytic  titer  was  not  raised.     In  fact,  on  two 

^^asions  it  was  lower  than  the  original  titer.    The  agglutinins  showed 

^  flight  increase  on  the  last  test,  the  titer  being  %oo,  while  it  had 

L  Previously  been  i^oo. 

\  Experiment  2  (Rabbit  corpuscles).    A  large  male  fowl  was  given 
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3  c.c.  of  rabbit  cells  intravenously.  No  perceptible  reaction  followed 
this  injection.  Three  days  later  a  similar  injection  was  followed  im- 
mediately by  labored  breathing  and  loss  of  power  of  locomotion.  Two 
days  after  the  second  injection  4  c.c.  of  corpuscles  were  given  in- 
travenously. Within  less  than  two  minutes  the  rooster  staggered  and 
fell  to  the  floor.  Breathing  became  increasingly  difficult  and  finally 
ceased  in  desperate  efforts  to  take  in  air.  Death  ensued  five  minutes 
after  the  injection  was  made. 

•Experiment  3  (Sheep  corpuscles).  A  large  Plymouth  Rock  hen 
was  given  11  subcutaneous  and  2  intravenous  injections  of  sheep  cor- 
puscles. The  injections  were  made  at  from  3  to  8  day  intervals 
during  the  course  of  two  and  a  half  months,  a  total  of  43  c.c.  of  cell 
suspension  being  given.  The  last  two  injections  were  given  intra- 
venously. The  intravenous  injection  of  3  c.c.  of  cells  was  followed 
by  a  severe  reaction  from  which  the  hen  soon  recovered.  The  second 
intravenous  injection  caused  an  immediate  anaphylactic-like  reaction 
and  death. 

The  serum  of  this  chicken  was  tested  for  hemolytic  power  at  differ- 
ent times  during  the  course  of  the  injections.  The  titer  was  only  Vio 
one  week  after  the  last  subcutaneous  injection  was  made. 

Experiment  4  (Sheep  corpuscles).  The  *'  active  "  hemolytic  titer 
of  the  serum  of  the  hen  used  in  this  experiment  was  Ko  sjid  the 
agglutinating  titer  %;i-  She  was  given  11  intraperitoneal  injections 
of  sheep  corpuscles  during  six  weeks  time.  An  average  of  15  c.c.  of 
cell  suspension  was  given  at  each  injection.  The  serum  was  retested 
six  times  after  the  .in jections  were  begun.  Four  weeks  after  the  first 
injection,  four  injections  having  been  given,  the  hemolytic  titer  was 
Vso  and  the  agglutinin  titer  Vioo-  Both  titers  subsequently  became 
weaker,  and  at  the  last  test  were  only  34o- 

Further  immunization  experiments,  similar  to  those  given  above, 
were  carried  out  in  which  ox,  guinea  pig,  and  pigeon  erythrocytes 
were  used  as  antigens.  Subcutaneous,  intraperitoneal  and  intravenous 
injections  were  made  during  long  periods  of  time.  The  results  were 
not  materially  different  from  those  already  given.  There  was  never 
more  than  a  slight  increase  in  the  hemolytic  power  of  the  sera,  and 
the  agglutinating  titers  did  not  increase  more  than  two-  or  four-fold. 
These  increases  came  after  the  third  or  fourth  injection,  and  were 
followed  by  a  return  to  the  original  titers. 

It  may  be  argued  that  the  method  which  we  have  used  to  determine 
the  hemol>i;ic  power  of  the  sera  of  the  treated  animals  was  faulty, 
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since,  in  the  dilution  of  the  sera  the  complement  was  soon  reduced 
:o  the  minimum  requirement  of  this  factor,  and  that  hemolysis  failed 
0  occur  in  higher  dilutions  because  of  a  deficiency  of  complement 
not  because  the  hemolytic  sensitizer  was  not  increased  as  a  result 
immunization.     That  such  was  not  the  case  finds  support  in  the 
"i^nell-known  fact   that  when  the  hemolytic  amboceptor  is  increased 
less  complement  is  required  to  effect  a  given  amount  of  hemolysis. 
Thus,  according  to  Noguchi,  the  amount  of  complement  necessary  to 
Ixemolyse  one  unit  of  red  cells  is  Y^y  M  and  3'io  of  a  unit  when,  4,  10 
and  20  units  respectively  of  amboceptor  are  used.    Hence  a  four-fold 
increase  in  the  sensitizer  content  of  a  fresh  serum  should  raise  the 
titer  three- fold;  a  ten- fold  increase,  five-fold;  and  a  twenty-fold  in- 
crease, ten-fold.     Hence,  the  conclusion  that  the  hemolysin  content 
of  the  sera  of  the  fowls  was  not  greatly  increased  as  a  result  of  the 
extensive  treatment  with  foreign  red  cells  would  seem  to  be  justified. 
When  the  work  had  progressed  to  this  point  it  was  found  that  the 
natural  hemolysin  in  chicken  serum  for  rabbit  corpuscles  could  be 
reactivated  with  either  fresh  guinea  pig  or  chicken  serum,  after  being 
heated  at  55°  C.  for  30  minutes.    Consequently  two  other  fowls  were 
given  a  series  of  injections  of  rabbit  cells  and  the  sera  titrated  both 
before    and   after   inactivation.  .  The   titrations   with    foreign   com- 
plement were  carried  out  as  follows:   The  serum   from  normal  or 
immunized  fowls  was  heated  in  5  c.c.  quantities  at  55°   C.  for  30 
minutes.    Graded  quantities  of  the  whole  serum,  or  of  suitable  dilu- 
tions of  the  serum,  were  put  into  a  scries  of  tubes,  and  salt  solution 
was  added  to  bring  the  volume  in  each  tube  up  to  0.8  c.c.     A  sub- 
hemolytie  quantity  of  fresh  ehieken  or  guinea  pig  serum  in  a  volume 
of  0.1  c.c.  was  added  to  each  tube.     The  tubes  were  shaken  and  put 
in  the  water  bath  (37°  C.)  for  30  minutes.    0.1  c.c.  of  a  K  dilution  of 
J-abbit  erj'throcytes  was  now  put  in  each  tube.     The  tubes  were  put 
in  the  water  bath  again  for  one  hour.    By  this  method  the  hemolytic 
j)Ower  of  heated  normal  chicken  serum  can  be  completely  restored, 
'Vrhile  if  the  corpuscles,  heated  serunr  and  fresh  serum  were  put  into 
Xihe  tubes  at  the  same  time,  or  if  tlie  heated  scrum  and  corpuscles  were 
^niixed  before  the  fresh  scrum  was  added,  no  hemolysis  occurred.    The 
ideated  serum  and  the  fre^sh  serum  must  be  mixed  and  incubated  before 
t:he  corpuscles  are  added. 

Experiment  5  (R-abbit  corpuscles).  The  serum  of  the  fowl  used 
in  this  experiment  had  an  **  active  "  hemolytic  titer  of  ^/25  for  rabbit 
erythrocytes,  and  the  heated  serum   (55°  C.  for  30  minutes)   agglu- 
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tinated  the  cells  in  a  dilution  of  '/^so-  The  inactivated  serum  plus 
a  subhemolytic  dose  (0.02  c.c.)  of  fresh  chicken  serum  gave  a  hemolytic 
titer  of  V^5.  The  fowl  was  then  given  four  intrap^eritoneal  injections 
of  3.5  c.c.  each  of  rabbit  corpuscles,  the  injections  being  given  at 
two-day  intervals.  Six  days  after  the  last  injection  the  serum  gave 
an  active  titer  of  %<>.  The  titer  of  the  inactivated  serum,  using  chicken 
serum  as  the  source  of  complement,  was  between  ^5  and  %o-  When 
fresh  guinea  pig  serum  was  used  as  complement  the  titer  was  %.  The 
hemagglutinins  were  not  materially  increased.  It  is  evident  that 
treatment  had  little  influence  upon  the  sensitizer  and  agglutinin 
content  of  the  serum. 

Experiment  6  (Rabbit  corpuscles).  A  large  Plymouth  Rock 
rooster  was  given  eight  injections  of  rabbit  erythrocytes  during  the 
course  of  eleven  days,  a  total  of  25  c.c.  of  cell  suspension  being  given. 
The  cells  were  injected  both  intravenously  and  into  the  peritoneum. 
The  first  treatment  consisted  of  an  intravenous  injection  of  4  c.c.  of 
cell  suspension.  Two  days  later  2  c.c.  of  cells  were  injected  into  the 
peritoneal  cavity.  Three  further  treatments  were  given  at  three-day 
intervals.  These  consisted  of  an  intraperitoneal  injection  of  from 
2  to  4  c.c.  of  cells  and,  three  hours  later,  an  intravenous  injection 
of  an  equal  amount.  This  method  of  treatment  was  adopted  because 
of  the  severe  and  often  fatal  anaphylactic-like  shocks  that  usually 
follow  the  intravenous  injection  of  cells  in  fowls  which  have  had  one 
or  more  previous  injections.  This  particular  fowl  survived  the  treat- 
ment, but  the  desensitizino:  action  of  the  intraperitoneal  injections 
was  not  entirely  effective,  since  rather  severe  reactions  always  followed 
the  intravenous  injections. 

Before  treatment  was  l)epnin  the  serum  of  this  fowl  had  a  hemolytic 
titer  of  I'xi  and  an  agglutinating  titer  of  Vijr.o-  Six  days  after  the 
last  treatment  the  titers  were  Vf.oo  and  ^ooo  respectively.  Subhemo- 
lytic doses  (0.02  c.c.)  of  fre^h  chicken  serum  were  used  for  comple- 
ment in  the  hemolytic  reactions.  Tt  is  seen,  therefore,  that  in  this 
instance  the  potency  of  the  serum  was  definitely  raised  as  a  result  of 
the  treatment.    A  similar  result  was  not  obtained  in  any  other  case. 

RaRHIT  ERYTHROrVTES  RENDERED  XON-AXTIGENIC  BY  ChICKEX  SeRUM. 

Tlie  t'aihirp  of  the  domestic  fowl  to  respond  energetically  to  im- 
munization with  forciL^n  (Tvthrocytes  raises  a  question  of  general 
interest,  is  tlif*  failure  due  to  an  absence  of  the  proper  receptors  or 
affinitif?  in  the  tissues  of  this  animal,  or  mav  it  not  be  due  to  the  fact 
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-fc-liat  the  body  fluids  render  the  foreign  cells  non-antigenic  before  they 
C5^n  reach  or  stimulate  the  proper  tissues  of  the  host?  The  energetic 
-^^"^  in  which  ehicken  serum  acts  upon  the  red  blood  cells  of  the  rabbit 
iT'T  vitro  suggested  the  latter  as  a  possibility  and  experiments  were 
f>lanned  to  test  this  point. 

Experiment  7.    Five  guinea  pigs  were  given  respectively  three 
ix^traperitoneal  injections,  at  4-day  intervals,  of  the  following  mix- 
tu  res :  Guinea  pig  1, 1  c.c.  of  rabbit  corpuscles  in  8  c.c.  of  fresh  chicken 
SGmim;  Guinea  pig  2,  1  c.c.  of  rabbit  corpuscles  in  8  c.c.  of  distilled 
wfk  t er ;  Guinea  pig  3, 1  c.c.  of  rabbit  corpuscles  in  8  c.c.  of  salt  solution ; 
Grxiinea  pig  4,  8  c.c.  of  chicken  serum ;  Guinea  pig  5,  1  c.c.  of  sheep  cor- 
puscles in  8  c.c.  of  fresh  rabbit  serum.     The  mixtures  were  allowed  to 
st^.nc3  at  room  temperature  for  twelve  hours,  and  were  then  put  at 
ST^    C  for  3  hours  before  they  were  injected.     This  procedure  was  re- 
P^atrod  three  times.     Seven  days  after  the  last  injection  the  guinea 
PigTS    were  bled  and  their  sera  were  tested  for  hemolysins  in  the  usual 
The  results  were  as  follows:  Guinea  pig  1,  no  hemolysins  for 
it  cells;  Guinea  pig  2,  hemolytic  titer  for  rabbit  cells,  1-1250; 
ja  pig  3,  hemolytic  titer  for  rabbit  cells,  1-1250;  Guinea  pig  4, 
^o   hemolysins  for  rabbit  cells;  Guinea  pig  5,  hemolytic  titer  for  sheep 
cells,   1-2000.     Experiment  7  was  repeated  four  times  with  practically 
tho  same  results.     It  is  seen  that  rabbit  red  blood  cells  hemolysed  with 
^''^^Ix  chicken  serum  no  longer  cause  the  formation  of  specific  hemoly- 
s^ris    in  the  guinea  pig,  while  water  hemolysis  does  not  alter  the  anti- 
S'eiiii^   properties  of  the  cells.     It  is  further  seen  that  hemolysis  by 
*5er\irn  does  not  necessarily  destroy  the  antigenic  properties  of  the 
^^^olysed  cells,  for  sheep  cells  hemolysed  with  fresh  rabbit  serum 
-  *^ill     engendered  the  formation  of  specific  antibotlies  when  injected 
^  *-^  gniinea  pigs. 

Discussion  and  Summakv. 

-formal  ehicken  serum  lyses  and  agixlutinates  the  erythrocytes  of 

^  ^^5^  other  species.     The  lytic  property  depends  Upon  two  factors,  one 

~*^*^tiostabile,  the  other  thennolabile.     When  the  serum  becomes  in- 

"    ^'^'oi  as  a  result  of  exposure  to  heat  or  through  aging,  the  1^'tic 

^Perty  is  not  restored  by  the  addition  of  fresh  senim  from  other 

xj^^^i^s  to  the  usual  hemolytic  tests.     Reactivation  can  be  efl^ected, 

.^^^^ver,  by  mixing  and  incubating  the  heated  and  fresh  serum  before 

^  corpuscles  are  added. 

The  foregoing  work  shows  that  chickens  do  not  respond  to  treat- 


^ 


i 
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ment  with  foreign  red  blood  cells  as  most  other  species  do.  In  only 
one  instance  was  there  a  material  increase  in  the  lytic  power  of  the 
serum.  This  peculiarity  on  the  part  of  the  chicken  is  of  interest  in 
connection  with  the  theories  of  the  origin  and  nature  of  antibodies, 
and  a  knowledge  of  the  mechanism  here  involved  may  aid  in  under- 
standing failures  to  stimulate  antibody  formation  under  other  condi- 
tions. 

If  antibodies  are  cast-off  receptors,  the  tissues  of  the  chicken  should 
be  well  supplied  with  receptors  for  rabbit  corpuscles,  because  we  find 
numerous  free  receptors  in  the  blood  stream.  Antigenic  stimulation 
should  give  rise  to  increased  production  of  receptors,  and  the  serum 
should  become  more  potent  as  the  result  of  an  accumulation  of  free 
receptors  or  antibodies.  It  is  evident  that  the  theory  is  wrong  or 
that  the  injected  cells  or  their  constituents  do  not  reach  the  cell 
n^eptors  and  stimulate  the  formation  of  an  excess  of  receptors  and 
thus  new  antibodies.  Since  it  has  been  shown  that  fresh  chicken 
serum  acts  upon  rabbit  blood  cells  in  vitro  in  such  a  way  as  to  render 
the  cells  non-antigenic  for  guinea  pigs,  it  seems  probable  that  a  simi- 
lar thing  occurs  in  vivo  and  that  the  foreign  cells  are  rendered  non- 
antigenic,  before  the  tissues  of  the  host  have  been  sufficiently  stimu- 
lated. A  similar  condition  may  obtain  in  other  instances  where  ani- 
mals do  not  respond  to  immunization. 

In  the  light  of  our  observations  on  the  pro<luction  of  hemolysins 
in  the  chicken,  it  seems  improbable  that  Guyer  and  Smith  (8)  pro- 
duced in  this  species  a  serum  lytic  for  the  eye  lens  of  the  rabbit.  At 
least,  the  conclusion  that  c>i:olysins  must  have  been  formed  in  the 
cliickens  treated  with  the  rabbit  lenses  because  of  the  readiness  with 
which  this  species  produces  cytolytic  sera,  is  not  tenable. 
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SEGREGATION  AND  RECOMBINATION  OF  THE  GENES  FOR  TINGED, 
BLOOD,  BUFF,  AND  CORAL  IN  DROSOPHILA  MBLANOGASTER. 


RoscoE  R.  Hyde. 

From  the  Department  of  Immunology,  School  of  Hygiene  and  Public 
Health,  Johns  Hopkins  University,  Baltimore. 

Ck>ntents. 

1.  Linkage  of  buff  and   tinged. 

(a)  Buff  9  by  tinged  d^ . 

(b)  Buff  d"  by  tinged  9 . 

2.  Linkage  of  buff  and   blooii. 

(a)  Buff  9  by  blood  cf'. 

(b)  Buff  d"  by  blood  9 . 

.'*>.     Linlvage  of  coral  and  tinged. 

(a)  (oral  9  by  ting  dd^. 

(b)  (oral  cT  by  tinged  9. 

4.     IJnkage  of  coral  and  blood. 

(a)  Choral  9  by  b'oodcf . 

(b)  Cora'  cf  by  blood  9. 

"),     Linkage  of  corn!  and  buflf. 

(a)  Coral  9  by  buffcf . 

(b)  Coral  cf  by  bufif  9 . 

(5.     Linkage  of  tinged  and  blood. 

(a)  Tinged  9  by  blood  d". 

(b)  Tinged  d"  by  blood  9 . 

7.     Linkage  of  c<:rjil  and  eosin. 

(a)  Kosin  9  by  cora'd^. 

(b)  Kosin  d^  by  cora'  9 . 

*<.     Summary. 
'V     Liteniture. 

In  a  previous  paper  I  re|K)rted  the  oii^jin  o^  bhuMl  and  tinged,  two  sex- 
linked  eye  mutants  in  Drosopliila.  Iloth  niurants  gave  c(miplete  linkage 
with  white,  eo.sin  and  cherry  and  con  e;ii!eutly  formed  with  the  red  of  the 
wild  tyi)e  a  sextuple  sy;  tern  of  multiple  allelomorphs.  Safir  and  Lance- 
field  later  reiK^rted  buff  and  coral,  two  other  members  of  this  system,  as 
shown  by  their  linkage  to  white.  T.  H.  Morgan  has  kindly  supplied  me 
with  stocks  of  buflf  and  coral  and  this  paper  records  the  c<mibinations  made 
with  these  two  stocks  to  my  stocks  of  blood  and  tinged.  The  results  of 
these  crosses  l)ear  out  the  expectation  that,  since  blood  and  tinged  are 
allelomorphic  to  white  and  buff  and  coral  are  allelomorphic  to  white,  the 
mutants  buflf.  coral,  tinged  and  blood  should  show  allelomorphism  to  each 
other. 

The  evidence  from  such  u  .system  is  significant  as  it  bears  on  tlie  nature 
of  the  change  that  take;s  place  in  the  chromosomes  of  mutant  stocks.  If  the 
different  mutants  are  a  result  of  losses  of  materials  that  lie  at  different 
levels  on  the  sex-chromosome,  then  the  wild  type  eye  shouhl  result  in  the 
(laughter.s  on  crossing  any  two  of  these  mutants,  since  the  daughter  receives 
two  sex-chromoromes  and  each  would  restore  the  missing  allelomorph  of  the 
other.    As  a  matter  of  fact  the  daughters  from  all  combinations  are  corn- 
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pounds,  with  eyes  intermediate  in  color  between  the  parent  types.  If  the 
genes  for  these  different  eye  colors  are  allocated  at  different  levels  on  the 
sex  chromosome  there  should  appear  among  the  grandsons  eyes  of  the  wild 
type  as  a  result  of  the  phenomenon  of  crossing  over.  The  evidence  presented 
from  these  combinations  is  consistant  with  that  obtained  from  other  tests 
in  showing  that  this  does  not  occur. 

The  nomenclature  employed  is  that  used  in  other  publications  for  the 
members  of  this  system, — white  w,  tinged  wt,  buff  wbu,  eosin  w*,  cherry  w*, 
coral  w*^,  blood  wb,  red  W. 

The  female  is  expressed  by  the  formula  XX,  tlie  male  XO,  consequently 
the  formula  for  a  tinged  eyed  female  is  wtwtXX.  a  tinged  eye  male  wtXO, 

The  following  tables  give  the  results  of  the  combinations  made  between 
the  different  members  of  this  allelomorphic  series.  The  genetic  composition 
of  the  parents  (P),  the  children  (Fj),  and  grandchildren  (F,)  are  expressed 
in  terms  of  the  nomenclature  stated  above.  The  numbers  indicate  the  num- 
ber of  flies  realized  from  the  different  combinations. 

1.    Linkage  of  Buff  and  Tinged 
(a)  Buff  9  by  Tinged  c^. 


P. 

wbuwbuXX 

.     wtXO 

F, 

,.     wbuwtXX 

wbuXO 

(1). 

52 

58 

(2). 

200 

185 

(3). 

406 

301 

F, 

wbuwbuXX           wbuw*XX 

wbuXO           w^O. 

1   . 

• 

135 

112 

la. 

155 

110 

2  . 



84 

56 

2a. 

58 

28 

3  . 

129 

136 

3a. 

83 

136 
45 

91 

65 

4  

118 

4a 

53 

5  . 

70 

5a. 

130 

75 

85 

23 
95 

93 

6  

115 

6a 

96 

7  

30 

7a 

108 

Total 

1324 

1190 

Dro^ophila  Mclanogaster. 
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The  buff  females  and  the  tinged-buff  compounds  are  practically  insepar- 
able. The  two  classes  of  males  can  be  separated  into  buff  and  tinged  males 
but  are  here  classified  together.  The  wild  red  eyed  form  did  not  appear  in 
the  F,  or  Fa  generation.  The  F,  males  and  females  show  a  slight  variation 
in  color  although  we  were  unable  to  separate  the  two  on  a  color  basis. 

(h)   Buff  cf  by  Tingod  9 


P. 

wbuXO      . 

wtwtXX 

F. 

wtwbuXX 

wtXO. 

(1)       30 

31 

(2)     256 

200 

- 

(3)       ^ 

85 

The  tinged  males  and  the  tinged-buff  compound  females  of  the  F,  are  in- 
separable on  a  color  basis  as  one  might  expect  since  the  two  colors  are  sep- 
arated by  such  a  small  margin. 


F, 

wSv^XX 

WtwbuXX 

w^XO 

wbuXO. 

1 

72 
127 
113 
242 

68 
112 

48 

2 

103 

3 

65 

4 

186 

5 

47 

6 

82 

Total 

734 

1 

531 

The  Fj  males  can  be  separated  with  difficulty. 

2.     TAnkage  of  Buff  and  Blood. 

(a)  Buff  9  by  Blood  cf. 
P.     wb"w'>uXX     .     wf>XO 
Fi     wbuwbXX  WbuXO 

202  198 

F,  Females  compoiuids  uniform  deep  red — males  like  buff. 


! 

wbuwbuXX 

i                         ' 
1      WbuwbXX 

! 

1 

WbuXO     ; 

1 

wbXO 

1. 

2.. 

3. 

4.. 

1 





.................. 

Total 

51 

45 

130 

158 

72           1 

,     46     ; 

148 

;          152           \ 

1 

50 
49 

117          1 

168 

1 

69 

37 

119 

139 

384 

!         418           i 

1 

384         ' 

1 
1 

364 

Males  and  females  in  the  F,  are  easily  separated  into  the  different  classes. 
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(b)  Buff  d^  by  Blood  9 . 
P.    w^uXO     .     w»>wbXX 
F»    .wbuw»>XX  w^O 

117  104 

F,  Males  typical  of  blood  eyt»s — light  when  young — turn  very  dark  with 
age.    Females  lighter  than  blood  and  do  not  turn  so  dark  with  age. 


Fa 

wbwbuXX 

wbwbXX 

wbuXO 

wbXO 

1 

79 

66 

139 

79 

83 

79 

182 

67 

60 

45 

147 

74 

58 

2 

54 

3 

112 

4 

77 

Total 

363 

411 

326 

301 

3.    Linkage  of  Coral  and  Tinged. 

(a)  Coral  9  by  Tinged  cf. 
P.     w^^w'^X     .     w*XO 


Fx 

wcowtXX 
27 

w«^0 
22 

Fi  Flies 

Lighter  than  coral  stock 

Same  color  as 
coral  stock 

F. 

wC^w'^X 

wC^wtXX 

w**XO 

w^XO 

1   

79 
78 
46 
74 
57 
40 

94 
70 
40 
78 
62 
43 

79 
75 
33 
65 
62 
51 

84 

la 

56 

lb 

29 

2 

47 

2a 

58 

3  

54 

Total 

374 

387 

365 

328 

DroHophila  Mclanogasfer, 
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(]))  (^oralo'  Hy  Tinged  9. 
P.  w^oXO 


wSv^XX 


Fx 

\v^v^": 

XX 

1 
1 

1 

w^XO 

44 

3() 

p. 

wtw^XX      1 

w 

^vC"XX 
48 

w^XO 
33 

1 
1 
1 

1 

1 

1 

wC"XO 

1  . 

1 

31      ; 

35 

la. 

(53 

00 

01 

1 

00 

lb. 

5           ' 

7 

4 

1 

8 

2 

()8 

,54 

08 

74 
53 

1 
1 

52 

2a. 

01 

2b. 

24     ; 

18 

9 

14 

Total 

259 

255 

234 

230 

K. 


Fi  Flies 


4.     Linkage  of  Coral  and  Blood. 
(a)   Coral  9  by  Blood  cf. 

P.  weowcoXX  .  WbXO 


IS  '  18 


Female   just    a    hint    lij^hter   |  As    these    flies    become 
than  male.  j     older  the  sexes  are  in- 

I  distinguishable. 


F, 

w 

'^"w^^XX 

wc"wbxx 

1 

1 

1 
1 

1 

''^XO 

wbXO 

1    . 

no 

103 

la. 

159 

135 

2.. 

49 

1 

81 

2a. 

Total 

ISO 

1 

178 

945 

1 

497 

The  two  clas.stes  of  males  ean  he  separated  when  yoiinj?.  Females  cannot 
be  separated  with  certainty.  They  show  a  variable  range  as  is  true  of  blood 
which  overlaps  the  coral. 
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(b)  Coral  d' by  Blood  9. 
P.        wcoXO 

wbwbXX 

F, 

wbw'^^'XX 
18 

WbXO 
17 

Flies 

Females  and  males  same   color;  dark  as  males.    A 
mere  hint  that  females  are  lighter. 

F. 

wbwbXX              wbw'^^X 

wbXO        w^^O 

1    

103 
143 

21 
162 
126 

82 

116 

la 

107 

lb 

2 

27 
146 

2a 

122 

2b 

70 

Total 

637 

588 

5.     Linkage  of  Coral  and  Buff. 


(a)    Coral  9  by  Buffcf. 
P.         wcowcoXX 

wbuXO 

F, 

w^"vvbuXX 
31 

29 

Fi  Flies 

Much  lighter  than  coral 

Same  color  as  stock 
coral. 

F, 

wC"w''"*^X         w'-'^wbuXX 

w*^0 

wbuXO 

1 

57                       40 
50           1           56 

49 
45 

44 

la. 

Total 

40 

107           i           96 

:                                                          1 

94 

84 

Drosophila  Melanogaster. 
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(b)  Coral  d^  by  Bufif  9 . 
P.  w'^^XO 


wbuwbuXX 


F. 

wbuw'=*XX 
44 

wbiiXO 

37 

Vi  Flies 

Lighter  than  buff 
Lighter  than  coral 
Lighter  than  blood? 

Same  color  as  buff 
stock. 

F. 

wbuw^XX 

wbuw'^^XX 

wbuXO 

w*^0 

1    

57 
253 

45 
198 

20 

41 
233 

25 
203 

19 

46 
239 

33 
166 

29 

45 

la 

277 

lb 

29 

2  

175 

2a 

20 

Total 

573 

521 

513 

446 

Compound  9  much  lighten  thancT. 


6.     Linkage  of  Tinged  and  Blood. 

(a)  Tinged  9  by  Blood  d". 
P.  wtw^XX  .         wbXO 


F. 

wtwbXX 

wtXO 

33 

29 

All  lighter  than               / 

Males    like     tinged 

Fi  Flies 

blood,  bu  t  darker 

stock. 

than  tinged. 

F. 

wSv^XX 

WtwbXX 

wbXO 

w^XO 

1   

74 

98 

71 

78 

la 

109 
37 

105 
36 

104 
21 

97 

2  

32 

2a 

1           57 

52 

46 

63 

2b 

29 

22 

26 

28 

Total 

306 

313 

1 

268 

298 

298 
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(b)  Tinged  d^  by  Blood  9  . 


P.                   wtXO 

WbwbXX 

f\ 

wtwbXX 
18 

WbXO 
17 

F,  Flies 

Females  much  lighter  than 
males. 

Typical  of  blood  st  ck 
Sexes  easily  separated 
on  color  basis. 

F, 

wbwbXX 

wbw^XX 

WbXO 

w'^XO 

1    : 

52 

68 

35 

164 

45 

55 
68 
9 
31 
160 
45 

41 
47 
5 
42 
112 
26 

45 

la 

61 

lb 

4 

2  . 
2a. 

47 
136 

2b 

33 

Total 

373 

1 
1 

368 

273               326 

Drosophila  Melanogaster. 
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7.    Linkage  of  Coral  to  Eosin. 

(a)  Eosin  9  and  Coral  d^. 
P.  w^v'^XX 


w«^0 


Fa 

1 

108 
200 

w«XO 

94 
200 

F,  Flies 

Indistinguishable  from  coral 
compound     does     not 
seem  to  modif3^ 

Typical  of  eosin; 
slight  color  change 
with  age. 

F, 

wV«XX 

wV^^X 

w«XO 

wrxo 

9a 

60 
40 
30 
60 
15 
62 

55 
54 
30 
68 
10 
60 

60 
71 
24 
65 
14 
59 

57 

11a. 

47 
35 

lib 

70 
16 

48 

F,  Flies 

Like         1      Slightly 
Eosin    9  9    1  darker  than 

9  but  not  as 
i      dark  as 
1          males. 
1 

Like 
eosin  cT  . 

Much  like 

blood  when 

old  but  not 

as  dark 
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(b)  Eosin  d"  by  Coral  9 . 
P.  w«XO 


w«"w«*XO 


F. 

125 

w«*XO 

115 

F,  Flies 

The  eye  colors  are  hard  to  distinguish.    The  females 
seem  to  be  a  little  lighter  than  the  males;  darker 

when  old. 

F, 

w^^w'-rxx         w«"w«XX 

w'X 

wc*^ 

1   

166 

59 

107 

196 

87 

80 

70 
36 
17 
98 
40 
31 

90 

la 

40 

lb 

34 

2 

97 

3 

50 

3a 

41 

Total 

695 

292 

352 

8.     Summary. 

The  genes  for  buff  and  coral  known  to  be  allelomorphic  to  white  have 
here  been  tested  with  tinged  and  blood,  two  other  genes  allelmorphic  to 
white.  The  expectation  is  that  since  both  are  allelomorphic  to  white,  th^ 
will  be  allelomorphic  to  each  other.  The  results  of  the  different  combina- 
tions made  verify  the  expectations.  Sufficient  evidence  has  accumulated  to 
show  that  these  are  members  of  the  same  allelomorphic  series.  The  fact 
that  the  red  eyed  fly  does  not  appear  in  the  F,  or  F,  bears  out  the  assumption 
that  the  difiFerent  members  of  this  multiple  allelomorph  series  are  but 
different  expressions  of  the  same  material  imrticle  and  that  they  occupy 
identical  loci  on  the  sex  chromosome. 
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BEHATIOR  OF  THE  GENE  FOR  THE  MUTANT  CURVED  OF  DROSK)- 

PHILA  MELANOGASTER  IX  CROSSES  IXVOLVING  GENES  IN 

THE  SAME  AND  OTHER  CHROMOSOMES. 

RoscoE  R.  Hyde. 

From  the  Department  of  Immunology,  School  of  Hj'giene  and  Public 
Health,  Johns  Hopkins  University,  Baltimore. 

C'Ontents. 

I.  Behavior  of  the  curved  winged  mutant  with  normal  wild  stock. 

1.     Cwtvi^  9  by  wild  c?.     Chroniosome  I. 

II.  BelWkTior  of  curved  with  bent.    Chromosome  IV. 

1.     Curved  9  by  bent  d^. 

III.  Behavior  of  curved  with  spineless.    Chromosome  III. 

1.  Curved  9  by  spineless  <f. 

2.  Spineless  9  by  curved  tf, 

3.  Deficiency  of  the  double  recessive,  curved  spineless  in  crowded 

cultures. 

IV.  Behavior  of  curved  with  vestigial.     Chromosome  II. 

1.  Vestigial  9  by  curved  d^. 

2.  Curved  9  by  vestigial  d^. 

3.  Back  crosses  between  the  hybrid  of  curved  and  vestigial  to 
the  parent  stocks. 

V.  Behavior  of  cnrved  with  crosses  involving  black.    Chromosome  II. 

1.  Black  9  by  curved  d^. 

2.  Curved  9  by  black  d". 

3.  Curved  9  by  black,  purple  curved  d^. 
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tical with  curved,  a  mutant  found  by  Bridges  in  rudimentary  slock,  appeared 
in  my  wild  cultures  in  the  latter  part  of  November,  1014.  The  culture  was  one 
of  a  large  number  of  wild  stocks  that  were  taken  during  the  fall  of  1913 
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in  Indiana.  Twelve  curved  of  both  sexes  appeared  simultaneously  in  the 
culture  bottle.  The  mutant  has  been  kept  in  pure  culture  since  that  time. 
A  number  of  crosses  with  mutants  known  to  belong  to  difiTerent  chromosome 
groups  are  here  recorded. 


/.    Behamor  of  the  curved  winged  mutant  with  normal  wild  stock. 

Chromosome  I, 

1.     Curved  9  by  wild  cf . 

A  curved  wing  female  bred  to  the  normal  long  wing  male  produced  18 
sons  and  13  daughters, — all  with  wings  typical  of  wild  stock.  These  when 
inbred  gave  in  the  F,  generation  107  curved  and  348  wild  type  flies.  Table 
I.  Both  sexes  are  affected.  This  result  demonstrates  curved  to  be  a  reces- 
sive, non  sex -linked  mutant  giving  a  Mendelian  ratio  of  approximately  3  to  1. 
It  is  evident  that  the  gene  for  curved  is  not  carried  by  chromosome  I,  since 
it  does  not  show  sex -linkage. 

Table  I.  Fj  generation  from  curved  9  by  wildcf . 


Number 

Normal    cf  cf 

Normal    9  9 

Curved    d^  cf 

Curved 

9  9 

1 

48 

46 

8 

11 

la 

52 

32 

21 

18 

lb 

46 

55 

13 

13 

Ic 

24 

45 

13 

10 

Total. 

170 

178 

55 

52 

//.    Behavior  of  curved  with  hent.    Chromosome  IV. 

1.     Curved  9  by  bentcf. 

Bent  is  a  wing  mutant  first  described  by  Muller  who  demonstrated  that 
its  gene  belongs  to  Group  IV.  The  curved  female  by  bent  male  gave  all 
normal  flies  of  the  wild  type  in  the  F,  generation.  These  inbred  produced  in 
Fj  the  different  classes  given  in  table  II. 

Table  II.     F2  generation  from  curved  9 by  bentcf. 


Wild  type 

cf  cf 

1 

1 

Wild  type        Curved 

9  9                 cf  cf 

Curved 

9  9 

1 
Bent 

Bent 

9  9 

66 

90 

37 

29 

33 

31 
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A  wing  mrutatloii  in  Drosophila  melanogaster  which  has  proved  to  be  iden- 
tical with  curved,  a  mutant  found  by  Bridges  in  rudimentary  stock,  appeared 
in  my  wild  cultures  in  the  latter  part  of  November,  1914.  The  culture  was  one 
of  a  large  number  of  wild  stocks  that  were  taken  during  the  fall  of  1913 


K<'printt»d  from  Indinna  Academy  of  Science  11)20. 


302 


Proceedings  of  Indiana  Academy  of  Science. 


in  Indiana.  Twelve  curved  of  both  sexes  appeared  simultaneously  in  the 
culture  bottle.  The  mutant  has  been  kept  in  pure  culture  since  that  time. 
A  number  of  crosses  with  mutants  known  to  belong  to  difiTerent  chromosome 
groups  are  here  recorded. 

/.    Behavior  of  the  curved  winged  mutant  with  normal  wild  stock. 

Chromosome  I. 

1.     Curved  9  by  wild  cT. 

A  curved  wing  female  bred  to  the  normal  long  wing  male  produced  18 
sons  and  13  daughters, — all  with  wings  typical  of  wild  stock.  These  when 
inbred  gave  in  the  F,  generation  107  curved  and  348  wild  type  flies.  Table 
I.  Both  sexes  are  affected.  This  result  demonstrates  curved  to  be  a  reces- 
sive, non  sex-linked  mutant  giving  a  Mendelian  ratio  of  approximately  3  to  1. 
It  is  evident  that  the  gene  for  curved  is  not  carried  by  chromosome  I,  since 
it  does  not  show  sex -linkage. 


Table  I.  Fj  generation  from  curved  9  by  wildc/'. 


Number 

Normal    d^  cf 

Normal    9  9 

Curved    d^  cf 

Curved 

9  9 

1 

48 

46 

8 

11 

la 

52 

32 

21 

18 

lb 

46 

55 

13 

13 

Ic 

24 

45 

13 

10 

Total. 

170 

178 

55 

52 

//.    Behavior  of  curved  with  bent.    Chromosome  IV. 

1.     Curved  9  by  bentcT. 

Bent  is  a  wing  mutant  first  described  by  Muller  who  demonstrated  that 
its  gene  belongs  to  Group  IV.  The  curved  female  by  bent  male  gave  all 
normal  flies  of  the  wild  type  in  the  F,  generation.  These  inbred  produced  in 
Fj  the  different  classes  given  in  table  II. 

Table  II.     Fa  generation  froni  curved  9 by  bentcT. 


Wild  type 

cf  cf' 

Wild  type 

9  9 

Curved 

cfcf 

Curved 

9  9 

Bent 

Bent 

9  9 

66 

90 

37 

29 

33 

31 
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This  cross  should  give  a  ratio  of  9:3:3:1  if  the  gene  for  curved  is  in 
a  chromosome  other  than  IV.  Bent  is  a  poor  character  with  which  to  con- 
trast curved  since  both  characters  involve  the  wings  and  the  double  re- 
cessive cannot  with  certainty  be  distinguished.  A  few  forms  appeared, 
however,  which  I  took  to  be  curved  bent.  Counting  the  double  recessive 
with  curved  and  bent  a  ratio  of  9  to  7  should  result.  The  table  gives 
approximately  this  ratio  and  a  tentative  conclusion  reached  that  the  gene 
for  curved  is  borne  by  a  chromosome  which  gives  free  assortment  with  IV. 

II f.    Behavior  of  curved  with  spineless.    Chromosome  III. 

1.     Curved  9  by  spineless  cf. 

Spineless,  a  mutant  characterized  by  the  absence  of  bristles  on  the  thorax, 

was  first  descrlbeil  by  Bridges.    Its  gene  belongs  to  Chromosome  III.    All 

9  children  from  the  curved    by  spineless  ^  were  characteristic  of  the  wild 

type.    These  when  inbred  in  pairs  gave  in  the  F,  generation  the  different 

classes  as  shown  in  table  III. 

Table  III.     ¥•>  generation  from  curved  9  by  spineless  cT. 


Number 

Normal 

Normal 

Curved 

of 

Wild 

wing 

spines 

Spineless 

Mating 

type 

spineless 

curved 

1 

75 

21 

22 

5 

2 

57 

14 

11 

4 

3 

57 

17 

19 

8 

4 

58 

18 

13 

8 

6 

89 

16 

22 

2 

6 

58 

15 

14 

4 

7 

61 

22 

13 

5 

8 

9 

2 

2 

0 

9 

39 

14 

8 

4 

10 

55 

1 

11 

1 

11 

42 

2 

12 

0 

12 

77 

24 

20 

10 

13 

63 

2 

14 

0 

14 

35 

9 

9 

4 

15 

82 

25 

24 

5 

16 

46 

13 

14 

6 

17 

78 

20 

18 

8 

.18 

87 

25 

28 

8 

19 

49 

1 

24 

0 

20 

48 

11 

14 

5 

21 

60 

23 

14 

4 

22 

48 

18 

8 

4 

23 

40 

2 

13 

0  . 

24 

47 

17 

13 

1 

Total 

1360 

332 

360 

96 
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2.     Curved  9  by  vestigial  cf . 

All  the  Fi  generation  from  this  combination  have  long  wings  of  the  wild 
type  as  is  the  expectation.  These  when  inbred  produced  the  different 
classes  as  given  in  tables  VII  and  VIII. 


Table  VII.     Fa  generation  from  curved  9  by  vestigial  cf. 


Number 

Wild  type 

Curved 

Vestigial 

cf  c? 

9  9 

&cr 

9  9 

c^cf 

9  9 

1 

208 

203 

89 

'  82 

69 

90 

la 

81 

97 

38 

40 

30 

32 

2 

154 

130 

74 

69 

62 

56 

2a 

89 

112 

30 

34 

9 

17 

3 

156 

124 

61 

64 

63 

78 

3a 

128 

139 

61 

53 

36 

36 

4 

104 

88 

51 

39 

49 

48 

4a 

70 

83 

21 

37 

17 

24 

5 

193 

208 

76 

96 

78 

87 

5a 

84 

105 

15 

19 

7 

9 

6 

40 

•   51 

22 

20 

16 

10 

6a 

36 

39 

17 

22 

17 

19 

7 

41 

49 

9 

9 

15 

12 

7a 

52 

47 

16 

8 

17      19 

8 

64 

78 

40 

34 

41       39 

8a 

71 

93 

22 

16 

23   1    29 

9 

93 

75 

35 

26 

38      35 

9a 

58 

64 

27 

24 

20      27 

Total .  . 

1722 

1785 

704 

692 

607   '   667 

1 

3.    Back  crosses  between  the  hybrid  of  curved  and  vestigial  to  the  parent 
stocks. 

The  genetic  relation  between  curved  and  vestigial  was  studied  in  various 
combinations  of  back  crosses  between  the  hybrids  and  the  parent  stocks. 
Tables  VIII — XV  shows  the  different  combinations  made  and  the  classes 
realized. 
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Table  VIII.     Hybrid   9  (curved    9  by  vt»stigrialc?')  by  curved  d^. 


Number 

Wild  tyi)e 

1 

1 

Cur\'ed 

c^cf" 

9  9        •! 

cf  a" 

1 
1 

9  9 

1 

87 

84           i 

53 

1 
1 

62 

la 

116 

160 

101 

1 

84 

2 

104 

125           ' 

6:^ 

74 

2a 

3 

11 

2 

1 

0 

3 

87 

107 

m 

77 

Total 

884 

582 

Table  IX.     Hybrid  cf  (curved   9  by  vestigal   cf  >  by  curved    9 


Number 

Wild  type 

Cun-ed 

^o" 

1 
i 

9  9 

1 

1 

1 

1 

9  9 

1 
2 

155 

83 

1 
1 

1 

141 
93 

103 
61 

1 
1 

t 

1 

98 
94 

Total 

472 

356 

Tabl*^  X.      Hybrid    9   (curv'fii    9   by  vt'^^tipfial   c")  by  Vfstiprial   d^ 


Number 


Wild  type 


Vestigial 


d^d^ 


9  9 


1 

82 

1 
1 

92 

2 

55 

1 
1 

53 

3 

90 

1 
1 

91 

4 

45 

1 

1 

28 

Total 

536 

c'o^ 

9  9 

43 

58 

54 

1 

38 

35 

1 

1 

33 

29 

1 

29 

319 

-soe 
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Tiible  XI.     Hybrid  cT  (curved  9  by  vestigial  cf )  by  vestigrialcT. 


Number 

Wild 

type 

Vestigial 

cTcf' 

9  9 

• 

d^cf' 

9  9 

1 

45 

41 

34 

34 

la 

89 

87 

44 

48 

2 

26 

18 

19 

11 

2a 

10 

7 

4 

2 

3 

95 

118 

92 

83 

3a 

72                       87 

37 

45 

Total 

695 

453 

Table  XII.     Hybrid   9   (vestigial   9  by  curved  cT)  by  vestigial  <f. 


Number 

Wild  type 

Vestigial 

d'd' 

9  9 

d^cT 

9  9 

85 

101 

35 

31 

Total 

1^ 

^6 

( 

56 

Table  XIII.     Hybrid  d^  (vestigial    9  by  curved  d^)  by  vestigial    9 


Number 


Wild  type 


Vestigial 


d'd' 

9  9 

d^d' 

9  9 

74 

87 

32 

22 

Total 

H 

)1 

>4 
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Table  VIII.     Hybrid   9  (curved    9  by  vestigial  cT)  by  curved  cf. 


Number 

Wild  type 

Curved 

d'cT 

9  9 

cf  cf 

9  9 

1 

87 

84 

53 

62 

la 

116 

160 

101 

84 

2 

104 

125 

as 

74 

2a 

3 

11 

2 

0 

3 

87 

107 

66 

77 

Total 

884 

582 

Table  IX.     Hybrid  cf  (curved   9  by  vestigal  cf )  by  curved   9 


Number 

Wild  type 

Curved 

cf  cf 

9  9 

(f  cT 

9  9 

1 
2 

155 

83 

141 
93 

103 
61 

98 
94 

Total 

472 

356 

Table  X.      Hybrid    9   (curvt'd    9   by  vt^stigial  cf )  by  vostigial  cf  ■ 


Number 

Wild  tj^pe 

Vestigial 

cf  cf 

9  9 

cf  cf 

9  9 

1 

82 

92 

43 

58 

2 

55 

53 

54 

38 

3 

90 

91 

35 

33 

4 

45                       28 

29 

29 

Total 

5J 

16 

3 

19 

310 
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Table  XVI.     Fa  generation  from  straight  black   9  by  gray  eur\'edd'. 


Number 

Straight  gray 

Straight  black 

Curved  gray 

Curved  black 

1 
2 
3 

80 
114 
219 

39 

30 

104 

20 
36 
67 

0 
0 
0 

Total 

413 

173 

123 

0 

2.     Curved   9  by  black  d^. 

The  reciprocal  cross  in  which  the  curved  9  is  mated  to  the  black  ^  gave 
all  wild  type  in  the  Fi  generation.  These  inbred  gave  results  as  given  in 
table  XVII.  These  results  show  very  clearly  that  there  is  linkage  between 
black  and  curved  since  the  double  recessive  does  not  appear  in  F,. 


Table  XVII.     Fa  generation  from  gray  curved  9  by  straight  blacked. 


Number 

Straight  gray 

Straight  black 

Curved  gray 

Curved  black 

1 
2 
3 

131 
139 
104 

41 
45 

58 

31 
31 
34 

0 
0 
0 

Total 

>          374 

144 

96 

0 

3.     Curved   9  by  black  purple  curved  cf . 

Tables  XVIII  and  XIX  give  additional  data  in  w^hich  curved  was  crossed 
to  the  triple  recessive  black  purple  curved  obtained  from  Morgan  in  the  fall 

of  1918.     The  curved   9  by  the  black  purple  curved  cf  gave  200  gray  red 
eyed  curved  sons  and  218  gray  red  eyed  daughters.    The  fact  that  all  the  F, 

had  curved  wings  is  conclusive  proof  that  Morgan's  curved  stock  and  mine 

are  identical.  The  independent  change  affecting  the  germ  plasm  had  changed 

identical  genes.    Ma  tings  were  made  from  the  F,  with  the  results  recorded 

in  table  XVIII. 


i 
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Table  XVIII.     Ft  generation  from  curved   9  by  black,  purple  curved    cf . 


Gray 

Black 

Black 

Gray 

Number 

red 

purple 

red 

purple 

curved 

curved 

curved 

curved 

1 

128 

35 

6 

6 

la 

180 

35 

10 

^ 
i 

2 

199 

45 

10 

8 

2a 

116 

32, 

5 

2 

3 

123 

30 

8 

3a 

119 

32 

1 

2 

4 

165 

43 

2 

5 

4a 

44 

14 

1 

3 

Total 

1074 

276 

49 

42 

4.     Black  purple  curved   9  by  curved  cf". 

The  Fj  from  the  reciprocal  cross  to  that  in  3  gave  202  gray  red  eyed 
curved  sons  and  231  gray  red  eyed  curved  daughters.  These  inbred  gave  in 
P,  the  different  classes  in  table  XIX. 


Table  XIX.     F2  generation  from  blaek,  purple,  curved   9   by    curved   cf . 


Gray 

Black 

Black 

Gray 

Number 

red 

purple 

red 

purple 

curved 

curved 

curved 

curved 

1 

248 

52 

6 

25 

2 

273 

59 

14 

11 

3 

313 

77 

11 

4 

263 

59 

13 

- 

6 

TotAl 

1097 

247 

44 

49 

The  fact  that  all  the  flies  in  the  Fj  and  F,  are  curved  shows  that  the  two 
mutants  are  identical.  The  last  two  tables  give  data  on  the  linkage  of  pur- 
ple and  black.    There  are  184  cross  overs  in  a  total  of  2878  a  linkage  of  12.8. 

5,  The  Black,  purple  vestigial  was  crossed  to  a  pew  wild  stock  from 
Arlington,  Md.  Over  500  sons  and  daughters  were  like  the  wild  type.  Since 
crossing  over  does  not  take  place  in  the  males,  F^  females  whose  compositioQ 
was  (b  p  v  B  P  V)  were  back  crossed  to  black  purple  vestigial  (b  p  v).    The 
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females  produce  non-crossover  gametes  (b  p  v)  and  (B  P  V)  and  croesover 
gametes  of  the  composition  b  P  V — Bpv — bpV — BPv — bPv  and  Bpv.  The 
males  to  which  they  are  mated  produce  gametes  of  the  composition  bpv. 
The  different  classes  realized  are  given  in  table  XX. 

Table  XX.     Classes  realized  •on    back    crossing    the   bpv    c?*    to    the 
hybrid  9  of  composition  bpv  BPV. 


No. 

Vestigial 

Long 

Black 

i 
Gray 

Bla<!k 

Gray 

Purple 

Red 

Purple 

Red 

Purple 

Red 

Purple 

Red 

bpv 

bPv 

Ppv 

BPv 

bpV 

bPV 

BpV 

BPV 

1 
2 
3 
4 

95 

62 

111 

179 

2 
4 
4 
2 

15 

6 

14 

12 

23 
5 
9 

23 

16 

8 

15 

62 

13 
14 
16 
36 

1 
2 
2 

4 

119 

78 

89 

301 

Totals. 

447 

12 

47 

63 

101 

79 

9 

587 

17.    Summary. 

The  independent  origin  of  curved,  a  wing  mutaut  identical  with 
the  one  reiwrted  by  Bridges,  is  here  given.  The  data  obtained 
with  the  various  crosses  is  in  agreement  with  the  great  mass  of  evi- 
dence which  shows  that  the  chromosome  conception  of  inheritance  offers 
the  only  rational  basis  upon  which  such  data  can  be  interpreted.  Genes 
carriefl  by  different  chromosomes  give  free  assortment  with  Mendelian 
ratios,  those  In  the  same  chromosome  show  linkage  with  no  crossing  over 
in  the  male. 

It  is  evident  that  the  factor  grouping  of  a  new  mutant  can  be  determined 
by  the  failure  of  the  double  recessive  to  appear  in  the  F,  generation.  Mor- 
gan has  made  use  of  black-pink  flies  for  testing  a  new  mutant  type.  Black 
is  in  the  second  group  and  pink  in  the  third.  If  the  new  factor  belongs  to 
either  of  these  groups  it  will  fail  to  show  the  double  recessive  among  the 
grandchildren  from  the  cross.  The  sex  relations  from  such  an  experiment 
will  readily  determine  whether  or  not  it  l)elongs  to  the  sex-linked  groap. 
If  it  belongs  to  none  of  these  groups  it  is  by  exclusion  placed  in  the  fourth 
group. 
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THE  DOMESTIC  FOWL  AS  A  SOURCE  OF 
IMMUNE  HEMOLYTIC  SERA 

DuBiNO  the  last  three  years  we  have  ob- 
tained abundant  evidence  which  refutes  Cit- 
ron's^ claim  that  the  chicken  is  one  of  the  best 
adapted  animals  for  the  production  of  hemolytic 
sera.  Citron  gave  no  evidence  to  justify  the 
inclusion  of  the  domestic  fowl  among  the  spe- 
cies best  adapted  to  produce  hemolytic  sev«T 
and  so  far  as  known  to  me,  none  exists.  In 
point  of  faety  we  find  this  animal  one  of  the 
poorest  hemolysin  producers  that  has  come 
witliin  our  experience. 

It  was  known  to  Bordet^,  Sachs^,  Metch- 
nikoff*,  and  P.  Miiller*  long  before  the 
appearance  of  Citron's  book,  that  a  difi&- 
culty  was  involved  in  demonstrating  the  sen- 
sitizer or  amboceptor  content  of  the  serum  of 
this  animal",  and  Citron's  unsupported 
claim  should  have  been  regarded  with  sus- 
picion. In  spite  of  this  fact,  the  statement 
from  Citron  is  still  taken  at  its  face  value. 

1  Citron,  J.,  1912,  Immunity.  Translation  by 
A.  L.  Garbat. 

s  Bordet,  J.,  1899,  ' '  Agglutination  et  dissolu- 
tion den  globules  rouges,"  Ann.  de  I'Inst.  Pas- 
teur, 13:  273. 

« Sachs,  Hans,  1902,  Berl.  Jclin  Wochen,  Nos. 
9  and  10. 

*  Metchnikoff,  E.,  1907,  Immunity  in  infective 
DiseaseSf  Cambridge  Press. 

5  Muller,  P.,  1901,  Uher  Anti-hamolysine  Cen- 
tralbl.  /.  BaJet.  u.  Parasitenkunde,  29:   175. 

«Hyde,  B.  B.,  1921,  "The  reactivation  of  the 
natural  hemolytic  antibody  in  chicken  serum,'* 
Am.  J.  Hygiene,  1:  358-362. 
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THE  USE  OP  THE  ORIGINAL  DIAGNOSTIC  CULTURE  FOR 
THE  DETERMINATION  OP  THE  VIRULENCE  OP 

DIPHTHERIA  BACILLI.* 

By  LEON  C.  HAVENS,  M.D.,  and  HORACE  M.  POWELL. 
(Received  for  publication  January  3d,  1922.) 

It  is  frequently  desirable  to  know  whether  a  throat  culture,  which 
is  positive  on  the  basis  of  morphology,  actually  contains  toxin-produc- 
ing diphtheria  bacilli.  This  is  particularly  the  case  when  one  is  deal- 
ing with  convalescent  patients  and  healthy  carriers.  Since  the  vir- 
ulent and  avirulent  types  of  this  organism  cannot  be  distinguished  by 
means  of  their  cultural  and  morphological  characteristics,  it  is  neces- 
sary to  resort  to  animal  tests.  The  animal  test  most  commonly  used 
consists  of  giving  a  guinea  pig  a  subcutaneous  injection  of  a  certain 
quantity  of  a  broth  culture,  which  has  beeu  inoculated  from  an 
isolated  colony  of  a  plate  made  from  the  diagnostic  culture.  As  a  rule 
a  control  pig,  which  has  been  given  antitoxin,  is  given  the  same  amount 
of  culture  as  the  test  animal.  The  criterion  for  virulence  is  the  death 
of  the  test  pig  or  the  nature  of  the  local  lesion.  The  procedure  entails 
the  isolation  of  pure  cultures  and  the  use  of  two  animals  for  each 
culture  tested.  Aside  from  the  time  and  expense  involved,  this  method 
is  not  absolutely  satisfactory  in  that  the  test  culture  comes  from  only 
one  of  many  colonies  and  when  a  negative  result  is  obtained  one  is 
faced  with  the  possibility  of  having  selected  a  colony  of  avirulent 
organisms  while  otlier  colonies  from  the  same  diagnostic  culture  con- 
tained virulent  organisms.  It  would  be  a  decided  advantage,  there- 
fore, to  have  a  method  which  would  reduce  the  items  of  time  and 
expense,  be  more  representative  of  the  whole  diagnostic  culture  and, 
at  the  same  time,  give  accurate  end  results. 

In  1915  Zingher  and  Soletsky  (1)  introduced  the  intracutaneous 
method  of  making  diphtheria  virulence  tests.  This  method  differs 
from  the  subcutaneous  method  in  that  the  cultures,  after  isolation, 
are  grown  on  solid  medium,  suspended  in  salt  solution  and  injected 
into  the  skin  of  a  guinea  pig.     Since  the  reaction  (when  the  proper 

*  From  the  Department  of  Immunology,  School  of  Hygiene  and  Public 
Health,  the  Johns  Hopkins  University,  Baltimore. 

234 


THE   USB   OP   THE   ORIGINAL  DIAGNOSTIC   CULTURE 
FOR  THE  DETERMINATION  OP  THE  VIRULENCE 

OP  DIPHTHERIA  BACILLI. 


Reprinted  from  The  American  Journal  of  Hygiene,  Vol.  II.,  No.  3,  May,  1022. 


THE  USE  OP  THE  ORIGINAL  DIAGNOSTIC  CULTURE  FOR 
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DIPHTHERIA  BACILLI.* 

By  LEON  C.  HAVENS,  M.D.,  and  HORACE  M.  POWELL. 
(Beceived  for  publication  January  3d,  1922.) 

It  is  frequently  desirable  to  know  whether  a  throat  culture,  which 
is  positive  on  the  basis  of  morphology,  actually  contains  toxin-produc- 
ing diphtheria  bacilli.  This  is  particularly  the  case  when  one  is  deal- 
ing with  convalescent  patients  and  healthy  carriers.  Since  the  vir- 
ulent and  avirulent  types  of  this  organism  cannot  be  distinguished  by 
means  of  their  cultural  and  morphological  characteristics,  it  is  neces- 
sary to  resort  to  animal  tests.  The  animal  test  most  commonly  used 
consists  of  giving  a  guinea  pig  a  subcutaneous  injection  of  a  certain 
quantity  of  a  broth  culture,  which  has  been  inoculated  from  an 
isolated  colony  of  a  plate  made  from  the  diagnostic  culture.  As  a  rule 
a  control  pig,  which  has  been  given  antitoxin,  is  given  the  same  amount 
of  culture  as  the  test  animal.  The  criterion  for  virulence  is  the  death 
of  the  test  pig  or  the  nature  of  the  local  lesion.  The  procedure  entails 
the  isolation  of  pure  cultures  and  the  use  of  two  animals  for  each 
culture  tested.  Aside  from  the  time  and  expense  involved,  this  method 
is  not  absolutely  satisfactory  in  that  the  test  culture  comes  from  only 
one  of  many  colonies  and  when  a  negative  result  is  obtained  one  is 
faced  with  the  possibility  of  having  selected  a  colony  of  avirulent 
organisms  while  other  colonies  from  the  same  diagnostic  culture  con- 
tained virulent  organisms.  It  would  be  a  decided  advantage,  there- 
fore, to  have  a  method  which  would  reduce  the  items  of  time  and 
expense,  be  more  representative  of  the  whole  diagnostic  culture  and, 
at  the  same  time,  give  accurate  end  results. 

In  1915  Zingher  and  Soletsky  (1)  introduced  the  intracutaneous 
method  of  making  diphtheria  virulence  tests.  This  method  differs 
from  the  subcutaneous  method  in  that  the  cultures,  after  isolation, 
are  grown  on  solid  medium,  suspended  in  salt  solution  and  injected 
into  the  skin  of  a  guinea  pig.    Since  the  reaction  (when  the  proper 

*  From  the  Department  of  Immunology,  School  of  Hygiene  and  Public 
Health,  the  Johns  Hopkins  University,  Baltimore. 
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amount  of  culture  is  injected)  is  limited  to  a  local  skin  lesion,  from 

4  to  6  cultures  can  be  tested  on  one  animal.    This  procedure  reduces 

the  expenditure  for  animals,  but  it  is  just  as  time  consuming  and  is 

xio  more  representative  of  the  whole  culture  than  the  subcutaneous 

xxuethod. 

While  engaged  in  a  study  of  diphtheria  which  entailed  the  isolation 
from  10  to  20  pure  cultures  daily,  we  received  a  personal  communi- 
tion  from  Dr.  John  N.  Force,  University  of  California,  advocating 
€  use  of  whole  diagnostic  cultures,  instead  of  pure  cultures,  for 
diking  virulence  tests  by  the  intracutaneous  method.  We  have  made 
a.  series  of  tests  with  whole  cultures,  checking  the  results  with  pure 
C'tiK-ltures  isolated  from  them,  by  both  the  intracutaneous*  and  the 
Icutaneous  methods.  A  summary  of  the  work  is  presented  in  the 
'^sent  paper. 

Experimental. 

The  cultures, — The  cultures,  509  in  number,  were  from  patients 

contacts — diagnostic  and  release  cultures — and  from  healthy  in- 

iduals  not  associated  with  cases.    The  cultures  were  collected  dur- 

the  different  seasons  of  the  year  in  order  that  the  contaminating 

nisms  might  be  as  widely  varied  as  possible.    The  cultures  were 

e  on  LoeflBer's  serum  medium  and  incubated  from  12  to  18  hours. 

Preparation  of  the  cultures  for  injectmn.    After  the  microscopic 

mination,  the  culture  was  washed  from  the  medium  with  1  or  2 

^-^-  of  sterile  salt  solution  and  transferred  to  a  clean  sterile  tube  and 

*"^^*ther  diluted  as  desired.    The  secondary  dilution  was  roughly  pro- 

X^oirtional  to  the  relative  number  of  diphtheria  bacilli  present,  more 

^^It;  solution  being  added  to  the  cultures  which  contained  numerous 

^a^oilli  than  to  those  which  contained  only  a  few.    The  heaviest  cultures 

^^"fe  suspended  in  5  or  6  c.c.  of  salt  solution. 

The  injection.    It  is  advisable  to  use  guinea  pigs  weighing  more 

^*i^n  400  grams  because  a  larger  number  of  tests  can  be  made  on  one 

^^iinal  and  the  lesions  do  not  spread  as  readily  as  they  do  in  smaller 

^^*mals.    The  hair  is  removed  from  the  ventral  surface  by  plucking 

^^^  carefully  shaving  off  the  short,  fine  hairs  which  the  plucking 

*  Before  beginning  the  work  with  whole  cultures,  677  pure  cultures  had  been 

^^©d  for  virulence  by  the  intracutaneous  method.    More  than  100  of  these  tests 

*^  checked  by  the  subcutaneous  method.    The  intracutaneous  method  proved  to 

^uit«  satisfactory,  when  the  proper  care  was  used  in  regard  to  the  number  of 

"^^lU  injected.     This  was  controlled  by  diluting  the  suspensions  to  a  standard 

^«ity,  about  20  million  organisms  being  injected. 
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TABLE  1. 
VirWent  and  avirulent  diphtheria  hacUli  from  the  same  throat  culture. 


Cultures. 

Number  of 
coloniefl 
picked. 

Number  of 

coloniea  Kiving 

virulent  cultures. 

Number  of 

colonies  gjviag 

avirulent  cultures. 

147 

33 

8 

7 

12 

2 

20 

14 

18 

12 

13 

16 

14 

12 

2 

18 

3 

6 

32 

8 

7 

12 

2 

20 

13 

16 

12 

13 

16 

14 

11 

2 

18 

3 

6 

1 

153 

0 

154 

0 

155 

0 

157 

0 

158 

0 

160 

1 

161 

2 

162 

0 

164 

0 

182 

0 

185 

0 

189 

1 

190 

191 

204 ' 

244 

0 
0 
0 
0 

Total  17 i 

210 

205 

5 

of  staphylococci  or  streptococci  which  had  been  isolated  from  throat 
cultures  were  mixed  with  **  sub-pasitive  ''  numbers  of  the  diphtheria 
bacilli  and  an  intracutaneous  virulence  test  made  with  the  mixture. 
The  results  are  summarized  in  Table  2. 


TABLE  2. 
Intracutanemis  riru'cnce  tests  with  artificially  mixed  cultures. 


N»imber  of 

diphtheria 

bncilli. 

Number 

of 

staphylococri. 

Number 

of 

strep  tocooci. 

Result. 

400,000 

0 

0 

+ 

300,000 

0 

0 

— 

200,000 

0 

0 

— 

.S00,000 

300,000 

0 

+ 

200,000 

200,000 

0 

-f 

200,000 

20.000,000 

0 

+ 

:uK),ooo 

0 

300,000 

+ 

200,000 

0 

200,000 

+ 

200,000 

0 

20,000,000 

+ 
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It  is  seen  from  Table  2  that  400,000  diphtheria  bacilli  in  pure 
culture  gave  a  positive  test,  while  200,000  and  300,000  failed  to  pro- 
duce a  characteristic  lesion.  However,  when  mixed  with  an  equal 
number  of  staphylococci  or  streptococci  200,000  diphtheria  bacilli  were 
sufficient  to  cause  a  positive  lesion.  It  is  further  seen  thAt  the  diph- 
theria bacilli  produce  a  characteristic  lesion  even  when  there  are 
100  times  as  many  staphylococci  or  streptococci  as  diphtheria  bacilli 
present.  The  apparent  enhancement  of  the  virulence  of  the  diphtheria 
bacilli  by  the  staphylococci  or  streptococci  is  probably  due  to  the  fact 
that  the  destruction  of  the  bacilli  is  retarded,  giving  them  a  longer 
time  in  which  to  produce  toxin.  It  is  less  probable  that  the  cocci 
render  the  tissues  of  the  guinea  pig  more  susceptible  to  the  necrotizing 
action  of  the  toxin. 

Conclusions. 

1.  The  original  diagnostic  culture  can  be  used  advantageously  for 
the  diphtheria  bacillus  virulence  test  by  the  intracutaneous  method. 

2.  The  method  eliminates  the  necessity  of  isolating  pure  cultures 
and  makes  it  possible  to  test  any  desired  number  of  cultures. 

3.  The  results  obtained  by  this  method  check  with  those  obtained 
by  the  pure  culture  methods,  and,  moreover,  it  is  possible  to  determine 
the  virulence  of  cultures  when  pure  cultures  cannot  be  isolated. 
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CYTAMOEBA    BACTERIFERA     IN     THE     RED    BLOOD 

CELLS     OF    THE     FROG 

R.    W.    Hegner 

I^^partmcnt  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health, 

Johns  Hopkins  University 

This  note  is  intended  to  call  to  the  attention  of  parasitologists  and 
^^^^^riologists  the  presence'  in  the  red  blood  cells  of  frogs  in  this  coun- 
of  a  most  interesting  organism  to  which  the  name  Cytamoeba  bac- 
'^fera  was  given  by  Labbe  in  1894. 

,  Cytamoeba  bacterifera  was  found  in  the  red  cells  in  the  peripheral 

^^""^^  of  two  specimens  of  Rana  clamitans  and  five  specimens  of  R, 
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^biana  collected  at  Cold  Spring  Harbor,  Long  Island,  N.  Y.,  in  the 

^^^mer  of  1919.    It  was  absent  from  the  other  frogs  and  toads  exam- 

^  ^^  ;  namely,  Ropto  palustris,  R,  sylvatica,  R.  pipiens,  Hyla  versicolor, 

**J^o  americanus  and  Scaphiopus  holbrookii.     In  every  case  the  host 

^'^    also  parasitized  with  trypanosomes,  hemogregarines,  and  several 

P    *^^r  forms  that  represent  either  undescribed  species  or  stages  in  the 

*^      cycles  of  parasites  known  only  as  adults.     Freshly  drawn  blood 

studied  as  well  as  material  fixed  and  stained  by  Wright's  method 

by  the  Schaudinn-iron-haematoxylin  method.    The  frogs  were  kept 

^"^"^  in  the  laboratory  for  a  considerable  period  and  their  blood  exam- 

'J**^^  at  intervals  of  a  few  days;  several  of  them  were  kept  in  this  way 

**    three  months. 

*The  importance  of  studying  specimens  of  Cytamoeba  while  alive 

in  freshly  drawn  blood  was  soon  demonstrated,  since  movement 

5^€s  shortly  after  being  taken  from  the  frog's  body  and  the  appear- 

5  in  stained  preparations  is  far  from  normal.    A  typical,  fully  grown 

"imen  as  seen  when  alive  and  active  is  shown  in  figure  1.     It  mea- 

is  about  7fi  in  diameter  and  occupies  a  ix)sition  at  one  end  of  the 

>^        cell,  sometimes  pushing  the  nucleus  out  of  its  usual  central  position. 

n^  entire  parasite  is  active  as  well  as  the  bacilliform  bodies  within  it. 

^^sembles  very  much  a  trophozoite  of  the  tertian  malarial  parasite, 

]^^iHodium  i*ii*ax,  throwing  out  and  withdrawing  pseudopodia  on  all 

t  ^(1^5    ^^  ^jjg  same  time  the  bacilliform  bodies  arc  moving  about  rapidly 

^^ttiin,  creating  a  flame-like  appearance.     After  a   few  minutes  the 
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movements  of  the  parasite  cease  and  a  stationary,  rounded  shape  i 
assumed  {Fig.  3),  but  the  bacilliform  bodies  continue  to  move  aboi 
within,  often  for  several  hours.  Finally  all  movement  of  both  par^sil 
and  bacilliform  bodies  ceases.  Many  stages  in  the  growth  of  the  pan 
site  are  present  within  the  red  blood  cells  of  a  frog  at  the  same  tim 
The  first  recognizable  stages  appear  like  minute  vacuoles  frequent 
situated  at  the  side  of  the  nucleus  of  the  red  cell  instead  of  at  one  en 
as  later.  Only  one  or  a  few  bacilliform  bodies  may  be  present  at  th 
time  ( Fig.  6) .  As  growth  proceeds  the  size  of  the  Cytamoeba  increasi 
as  well  as  the  number  of  bacilliform  bodies.  Fully  grown  parasit< 
differ  with  respect  to  the  number  of  these  bodies,  some  being  supplic 


All   figures   w 

Fig.  1.  Large,  living,  active  specimen  of  Cytamoeba  bactcrifera  wilhin  t> 
bload  cell  of  bullfrog.  The  nucleus  of  the  blood  cell  is  pushed  oul  of  i 
normal  position.  The  parasite  has  thrown  out  pseudopodta  and  is  filled  wi' 
active  bacilliform  bodies. 

Fig.  2.     Red  blood  cell  containing  two  living,  active  specimens. 

Pig.  3.  Red  blood  cell  containing  one  living  specimen  that  has  rounded  i 
and  bas  ceased  to  throw  out  pseudopodia.     The  bacilliform  bodies  within  a 

Fig.  4.     Red  blood  cell  containing  four  living,  active  specimens. 

Fig.  5.  Red  blood  cell  containing  a  large  specimen.  This  and  figures  6. 
and  8  were  drawn  from  material  fixed  and  stained  by  Wright's  method. 

Fig.  6.  Red  blood  cell  containing  a  very  young  specimen  with  only  ts 
bacilliform  bodies. 

Fig.  7.     Red  blood  cell  infected  with  both  Cytamoeba  and  Haemogregarin 

Fig.  8.     Red  blood  cell  containing  two  specimens  of  Cytamoeba. 
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f  I  with  more  than  others.  Blood  specimens  froni  frogs  that  were  kept  in 
rf  the  laboratory  were  examined  at  intervals  for  three  months  but  no 
other  stages  in  the  life  history  of  the  Cytamoeba  were  found  and  no 
great  differences  were  observed  in  the  percentage  of  infection  of  red 
blood  cells  or  in  the  sizes  of  the  organisms  present.  For  example,  in 
a  bull  frog  (No.  23)  the  percentage  of  infection  of  red  blood  cells 
ranged  from  4  to  7  at  different  times  during  a  period  of  three  months. 
The  infection  in  other  specimens  ranged  from  1%  up  to  12%.  In  a 
fevr  cases  red  blood  cells  contained  two  Cytamoebas  (Figs.  2  and  8) 
and  in  one  case  four  were  present  (Fig.  4).  Several  cells  were  infected 
with  both  Cytamoeba  and  Haemogregarina  (Fig.  7).  No  visible  differ- 
ence was  observed  between  the  size  and  contents  of  the  infected  and 
noninfected  red  cells  either  in  fresh  blood  or  in  the  fixed  and  stained 
material  such  as  is  sometimes  so  conspicuous  when  cells  are  parasitized 
^y  large  specimens  of  Haemogregarina  or  Karyolysus.  No  specimens 
^^  Cytamoeba  were  found  free  in  the  blood  as  reported  by  Labbe 
C1894)  and  Laveran  (1899). 

Specimens  fixed  and  stained  by  Wright's  method  present  an  entirely 
^^roneous  appearance.  The  amoeboid  or  rounded  shape  of  the  parasite 
"^  entirely  lost  due  probably  to  drying  and  an  irregular  mass  of  bacilli- 
•'^rm  bodies  is  left.  These  stain  deeply  and  are  quite  conspicuous. 
,-^lie  appearance  of  the  parasite  and  its  contained  bodies  is  indicated 
'^  the  accompanying  figures  (Figs.  5-8).  Si)ecimens  fixed  in  Schau- 
^  inn's  solution  and  stained  with  iron-haematoxylin  are  unsatisfactory, 
^^hey  keep  their  rounded  shape,  but  do  not  stain  well. 

Several  interesting  questions  regarding  Cytamoeba  remain  to  be 
^olved.  Is  Cytamoeba  an  organism  or  only  a  vacuole  in  which  bacteria 
*ive?  If  it  is  an  organism  is  it  an  **adult'*  stage  or  a  developmental 
^tage  of  an  unknown  species  or  of  a  known  species  such  as  Haemogre- 
^Uarina  ranarum  or  Trypanosoma  rotatorium?  If  it  is  a  stage  of  an 
Vinknown  species,  what  stage  in  the  life  cycle  does  it  represent  and  in 
X.vhat  part  of  the  body  do  the  other  stages  occur?  Are  the  bacilli  form 
Vx)dies  bacteria?  If  so,  how  does  the  Cytamoeba  become  infected  by 
'^hem  ? 

Kruse  (1890),  probably  the  first  to  figure  this  parasite,  speaks  of 
"it  not  as  an  organism  but  as  a  space  in  the  blood.     Gabritchewsky*s 
<1890)  attention  was  called  to  it  by  Metchnikoff  who  found  it  in  the 
tlood  of  frogs  infected  with  Haemogregarina  ranarum.     His  efforts 
'vrcre  chiefly  directed  toward  an  investigation  of  the  "bacteria,"  never- 
theless the  "petite  boule  protoplasmique  transparente"  which  contained 
these    bacteria    was    considered    "un    etre    completement,    etrange    a 
ITiematie,  une  espece  d'amibe.  ou  de  larve  amibi forme  envahie  elle- 
meme  par  un  microbe  bacterien."    Four  uninfected  frogs  were  inocu- 
lated with  the  spleen,  liver,  kidney  and  bone  marrow  of  a  frog  con- 
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movements  of  the  parasite  cease  and  a  stationary,  rounded  shape  is 
assumed  (Fig.  3),  but  the  bacilliform  bodies  continue  to  move  about 
within,  often  for  several  hours.  Finally  all  movement  of  both  parasite 
and  bacilliform  bodies  ceases.  Many  stages  in  the  growth  of  the  para- 
site are  present  within  the  red  blood  cells  of  a  frog  at  the  same  time. 
The  first  recognizable  stages  appear  like  minute  vacuoles  frequently 
situated  at  the  side  of  the  nucleus  of  the  red  cell  instead  of  at  one  end 
as  later.  Only  one  or  a  few  bacilliform  bodies  may  be  present  at  this 
time  (Fig.  6).  As  growth  proceeds  the  size  of  the  Cytamoeba  increases 
as  well  as  the  number  of  bacilliform  bodies.  Fully  grown  parasites 
differ  with  respect  to  the  number  of  these  bodies,  some  being  supplied 


5.6  7  8 

All   6gures   were   drawn   wilh   a   camera   lucida    X  1440. 

Fig.  1.  Large,  living,  active  s[)ecimeii  of  Cylamocba  bactenfera  wilhin  r^'' 
blood  cell  of  bullfrog.  The  nucleus  of  tbe  blood  cell  is  pushed  out  of  ■'* 
normal  position.  The  parasite  has  thrown  out  pseudopodia  and  is  filled  w™ 
active  bacilliform  bodies. 

Fig.  2.     Red  blood  cell 

Fig.  3.    Red  blood  cell 
and  has  ceased  to  throw  c 


till  3 


_    wo  living,  active  specimens. 
itaining  one  living  specimen  thai  has  rounded  uP 
pseudopodia.     The  bacilliform  bodies  within  *'' 


Fig.  4.     Red  blood  cell  containing  four  living,  active  specimens.  . 

Fig.  5.     Red  blood  cell  containing  a  large  specimen.     This  and  figures  "> 

nd  8  were  drawn  from  material  fixed  and  stained  by  Wright's  method- 
Fig.  6.     Red   blood   eel!   containing   a   very  young   specimen   with  only  '"" 

acilliform  bodies. 
Fig.  7.    Red  Wood  cell  infected  wilh  both  Cytamoeba  and  Haemogregsf"* 
Fig.  8.    Red  blood  cell  containing  two  specimens  of  Cytamoeba. 
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with  more  than  others.  Blood  specimens  f roni  frogs  that  were  kept  in 
the  laboratory  were  examined  at  intervals  for  three  months  but  no 
other  stages  in  the  life  history  of  the  Cytamoeba  were  found  and  no 
great  differences  were  observed  in  the  percentage  of  infection  of  red 
blood  cells  or  in  the  sizes  of  the  organisms  present.  For  example,  in 
a  bull  frog  (No.  23)  the  percentage  of  infection  of  red  blood  cells 
ranged  from  4  to  7  at  different  times  during  a  period  of  three  months. 
The  infection  in  other  specimens  ranged  from  1%  up  to  12%.  In  a 
few  cases  red  blood  cells  contained  two  Cytamoebas  (Figs.  2  and  8) 
and  in  one  case  four  were  present  (Fig.  4).  Several  cells  were  infected 
with  both  Cytamoeba  and  Haemogregarina  (Fig.  7).  No  visible  differ- 
ence was  observed  between  the  size  and  contents  of  the  infected  and 
noninfected  red  cells  either  in  fresh  blood  or  in  the  fixed  and  stained 
material  such  as  is  sometimes  so  conspicuous  when  cells  are  parasitized 
by  large  specimens  of  Haemogregarina  or  Karyolysus.  No  specimens 
of  Cytamoeba  were  found  free  in  the  blood  as  reported  by  Labbe 
(1894)  and  Laveran  (1899). 

Specimens  fixed  and  stained  by  Wright's  method  present  an  entirely 
erroneous  appearance.  The  amoeboid  or  rounded  shape  of  the  parasite 
is  entirely  lost  due  probably  to  drying  and  an  irregular  mass  of  bacilli- 
form  bodies  is  left.  These  stain  deeply  and  are  quite  conspicuous. 
The  appearance  of  the  parasite  and  its  contained  bodies  is  indicated 
in  the  accompanying  figures  (Figs.  5-8).  Si)ecimens  fixed  in  Schau- 
dinn's  solution  and  stained  with  iron-haematoxylin  are  unsatisfactory. 
They  keep  their  rounded  shape,  but  do  not  stain  well. 

Several  interesting  questions  regarding  Cytamoeba  remain  to  be 
solved.  Is  Cytamoeba  an  organism  or  only  a  vacuole  in  which  bacteria 
live?  If  it  is  an  organism  is  it  an  "adult"  stage  or  a  developmental 
stage  of  an  unknown  species  or  of  a  known  species  such  as  Haemogre- 
garina ranarum  or  Trypanosoma  rotatorium?  If  it  is  a  stage  of  an 
unknown  species,  what  stage  in  the  life  cycle  does  it  represent  and  in 
what  part  of  the  body  do  the  other  stages  occur?  Are  the  bacilliform 
bodies  bacteria?  If  so,  how  does  the  Cytamoeba  become  infected  by 
them  ? 

Kruse  (1890),  probably  the  first  to  figure  this  parasite,  speaks  of 
it  not  as  an  organism  but  as  a  space  in  the  blood.  Gabritchewsky's 
(1890)  attention  was  called  to  it  by  Metchnikoff  who  found  it  in  the 
blood  of  frogs  infected  with  Haemogregarina  ranarum.  His  efforts 
were  chiefly  directed  toward  an  investigation  of  the  "bacteria,"  never- 
theless the  "petite  boule  protoplasmique  transparente"  which  contained 
these  bacteria  was  considered  "un  etre  completement,  etrange  a 
Vhematie,  une  espece  d'amibe,  ou  de  larve  amibi  forme  envahie  elle- 
meme  par  un  microbe  bacterien."  Four  uninfected  frogs  were  inocu- 
lated with  the  spleen,  liver,  kidney  and  bone  marrow  of  a  frog  con- 
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taining  both  Haemogreg^rina  and  Cytamoeba,  Three  of  the  frogs  were 
later  found  to  possess  both  types  of  parasites;  in  the  fourth  animal 
only  the  Cytamoebae  were  present.  Autopsies  revealed  the  Cytamoebae 
in  the  spleen,  and  bone  marrow.  A  small  number  of  trypanosomes 
were  noted  in  all  frogs  containing  the  other  parasites.  Culture  experi- 
ments gave  negative  results.  ( iabritchewsky  suggests  that  perhaps 
"le  corpuscle  amibi forme**  is  a  stage  in  the  development  of  Haemo- 
gregarina. 

The  name  Cytamoeba  hacterifera  we  owe  to  Labbe  (1891,  1894). 
This  investigator  recognized  it  as  a  new  type  of  organism  and  placed  it 
in  the  genus  Cytamoeba,  a  generic  name  proposed  previously  by  Dani- 
lewsky  (1<S90)  for  the  malarial  parasite.  A  parasite  of  the  red  blood 
cells  of  Hyla  inridis  described  by  (irassi  (1882)  and  considered  by  him 
analogous  to  the  malarial  organism  was  placed  by  Labbe  provisionally 
in  the  same  genus  and  given  the  name  Cytamoeba  grassL  Labbe 
describes  what  he  thought  were  stages  of  Cytamoeba  in  fission  and 
spore  formation,  and  specimens  that  he  found  free  in  the  blood. 

Wasielewski  (18%)  accepted  Labbe's  views  regarding  the  protozoan 
affinities  of  Cytamoeba  bacterifera  and  placed  it  in  the  order  Acysto- 
sporidia,  fartiily  Haemamoebidae,  along  with  the  genera  Proteosoma, 
Haemamoeba,  and  Dactylosoma.  Cytamoeba  was  next  described  by 
Ziemann  (1898)  who  noted  the  amoeboid  movement  of .  vacuole-like 
bodies  within  the  red  blood  cells  of  the  frog,  and  observed  the  bacilli- 
form  bodies  contained  in  them  but  was  not  convinced  that  the  body 
he  saw  was  really  an  amoeboid  organism. 

Laveran  (1899)  also  observed  Cytamoeba  bacterifera  both  in  fresh 
and  in  stained  preparations.  He  named  the  bacilliform  bodies  Bacillus 
krusei  and  concluded  that  the  bacteria  were  not  contained  in  a  parasitic 
ameboid  organism,  because  (1)  no  movement  of  the  vacuole  was 
observed;  (2)  the  bacilliform  bodies  moved  actively  as  though  in  a 
liquid  and  not  in  protoplasm;  (3)  isolated  bacilli  were  encountered, 
without  a  surrounding  clear  area;  (4)  the  vacuoles  did  not  become 
stained  and  no  nucleus  could  be  found;  (5)  after  the  dissolution  of 
the  protoplasm  of  the  red  blood  cell,  the  bacteria  were  isolated:  and 
(6)  no  reproduction  of  the  "amcba"  was  observed.  Laveran  did  not 
succeed  in  cultivating  Bacillm  krusei.  Several  of  Laveran*s  conten- 
tions do  not  hold  since  ( 1 )  the  **vacuole**  certainly  undergoes  amoeboid 
movement.  (2)  protoplasm  within  certain  amoebae  is  liquid  as  is 
probably  also  true  of  Cytamoeba  and  the  active  movement  of  the 
bacilliform  bodies  is  possible  in  this  medium,  (3)  there  is  no  reason 
why  bacilli  should  not  exist  outside  of  the  organism,  (4)  failure  to 
find  a  nucleus  does  not  prove  that  one  is  not  present  since  it  may  be 
obscured  by  the  bacilliform  bodies,  (5)  the  protoplasm  of  the  organism 
as  well  as  that  of  the  red  cell  may  have  been  dissolved,  and  (6)  the 
reproduction  of  the  "ameba"  may  occur  in  the  internal  organs. 
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More  recently  Dutton,  Todd  and  Tobey  (1907)  have  described 
several  organisms  that  were  found  by  them  in  the  red  blood  cells  of 
frogs  in  Africa,  some  of  which  may  have  been  Cytamoebas;  and  Carini 
( 1910)  has  attempted  to  classify  similar  bodies  found  in  the  Brazilian 
frog,  Leptodactylus  ocellatus.  These  were  apparently  observed  only 
in  stained  specimens  and  hence  were  unsatisfactory  for  study.  Certain 
of  them  are  called  by  Carini  "elements  bacilloides" ;  a  second  type 
consists  of  bacilliform  bodies  similar  to  Bacillus  krusei  but  thinner 
and  shorter,  and  a  third  type  resembles  Cytamoeba. 

After  studying  infected  red  blood  cells  of  the  frog  both  living  and 
fixed  and  stained  and  reviewing  the  literature  on  this  subject  the  tenta- 
tive conclusion  is  reached  that  Cytamoeba  bacterifcra  is  a  stage  in  the 
life  cycle  of  a  protozoan  parasite  and  that  living  within  it  either  as 
hyperparasites  or  in  symbiosis  is  a  bacillus  named  by  Laveran  Bacillus 
krusei.  The  writer  hopes  at  some  future  time  to  add  more  to  our 
knowledge  of  this  interesting  organism. 
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AN  ANALYSIS   OF   THE   EELATION  BETWEEN 

GEOWTH   AND   NUCLEAE   DIVISION   IN   A 
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School  of  Hygiene  and  Public  Health,  Johns  Hopkins  University 

AND 

HSIANG-FONG  WU,  M.D. 
National  Medical  College  of  Peking,  China 

This  investigation  was  undertaken  for  the  purpose  of 
Analyzing  the  relation  between  growth  and  nuclear  divi- 
sion in  a  species  of  Opalina  of  the  frog  during  the  growth 
period  in  the  tadpole.     The  multinucleate  condition  of 
Opalina  and  the  absence  of  cell  walls  render  it  of  par- 
ticular value  as  material  for  the  study  of  the  phenomena- 
involved  in  nuclear  division  and  growth.     The  specimens 
used  in  our  investigations  were  obtained  by  Dr.  Charles 
E.  Simon  from  tadpoles  collected  at  Chester,  Nova  Scotia, 
during  the  summer  of  1920.    Unfortunately  we  are  unable 
to  state  either  the  species  name  of  the  Opalina  or  that  of 
the  host.     Dr.  Maynard  M.  Metcalf,  who  has  examined 
the  slides,  thinks  the  Opalina  is  probably  an  undescribed 
species.      The  material  was  well  fixed  in  Schaudinn^s 
solution  and  beautifully  stained  with  iron-hematoxylin. 
A  sufficiently  large  number  of  specimens  (455)  were 
drawn  with  a  camera  lucida  so  as  to  furnish  reliable  re- 
sults  when  measurements   were   treated  by  statistical 
methods.    The  area  of  the  drawings  was  determined  with 
a  planimeter  and  the  correlation  with  the  nuclear  number 
determined.      Table  I  is  the  correlation  table  for  the 
nuclear  number  and  area  of  341  specimens.     The  area  of 
the  drawings,  which  were  made  at  a  magnification  of  650 

1  From  the  Department  of  Medical  Zoology,  School  of  Hygiene  and  Public 
Health,  Johna  Hopkins  University. 
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diameters,  Is  given  in  square  millimeters.  The  coefficient 
of  correlation  is  remarkably  high,  namely,  .755  ±  .016 ; 
this  proves  that  an  increase  in  size  is  accompanied  by  a 
corresponding  increase  in  nuclear  number.  The  rest  of 
the  specimens  that  were  measured,  114  in  number,  were 
drawn  at  a  magnification  of  1400  diameters.  The  coeffi- 
cient of  correlation  of  this  lot  was  found  to  be  .875  ±  .015. 

TABLE  I 
Cokbhation  Tablk  roa  Ndicbeb  or  Nuclei  and  Asu.  of  341  SpBcnnots 
The  area  ii  Kiven  is  eq.  mn.  and  obtained  from  eamer&-liidda  drawings 
diameters.     Coeffleieot   of  correlation 
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Metcalf'  has  pointed  out  that  in  multinucleate  Opalinas 
the  nuclei  within  a  single  specimen  may  be  in  different 
stages  of  division  at  one  time.  This  we  have  found  to 
be  true  also  of  the  nuclei  during  the  growth  stages  in  the 
tadpole— a  condition  that  has  enabled  us  to  analyze  with 

iMetoalf,  K  M.,  1909,  •'Optdina,"  Areh.  f.  Protitt.,  13:  195-375.  Es- 
pecially p.  269. 
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considerable  accuracy  the  exact  relation  between  cyto- 
plasmic mass  and  nuclear  division.    For  example,  among 
the  specimens  with  four  nuclei,  there  were  a  few  with 
three  *' resting ^^  nuclei  and  one  nucleus  in  division  (Fig. 
3) ;  obviously  one  of  the  four  nuclei  is  undergoing  divi- 
sion before  its  three  sisters.     If  the  sum  of  the  areas  of 
a  number  of  specimens  in  which  there  are  four  nuclei  of 
equal  size  (Fig.  2)  is  divided  by  the  total  number  of 
nuclei,  a  fairly  accurate  idea  may  be  obtained  of  the 
^amount  of  cytoplasm  associated  with  each  nucleus.    Ac- 
<5ording  to  the  nucleo-cytoplasmic  relation  theory^  an 
dbicrease  in  the  amount  of  cytoplasm  as  compared  with 
"the  amount  of  nuclear  material  furnishes  the  stimulus 
^^vhich  initiates  nuclear  division.     A  comparison  between 
pecimens  with  four  equal  nuclei,  and  specimens  with 
our  nuclei  one  of  which  is  undergoing  division,  should 
eveal  approximately  the  increase  of  cytoplasmic  sub- 
tance  necessary  to  inaugurate  nuclear  division.    A  num- 
of  cases  of  this  sort  were  available  in  our  material 
a,iid  were  studied  with  the  following  results. 

Table  II  shows  the  relations  between  area,  and  number, 

volume  and  surface  of  the  nuclei  in  the  207  specimens  that 

could  be  used  for  this  purpose.     The  measurements  were 

:inade  of  camera-lucida  drawings  at  a  magnification  of 

€50  diameters.     Beginning  with  the  group  of  15  at  the 

top  of  the  table  we  can  make  the  following  comparisons. 

1.  Fifteen  specimens,  each  with  4  equal  nuclei  (Fig. 

2),  have  an  average  area  per  nucleus  of  176.1  sq.  mm.;  10 

specimens,  each  with  3  equal  nuclei  and  a  fourth  nucleus 

in  division  (Fig.  3),  have  an  average  area  per  nucleus  of 

185.0  sq.  mm.     The  specimens  in  which  division  has  been 

initiated  have  an  average  area  per  nucleus  8.9  sq.  mm. 

greater  than  those  with  an  equal  number  of  nuclei,  none 

of  which  are  in  division.    We  have  used  the  area  through- 

»  For  a  recent  discussion  of  this  theory  see  Hegncr,  R.  W.  1920,  *'Rela- 
lations  between  Nuclear  Number,  Chromatin  Mass,  Cytoplasmic  Mass,  and 
Shell  Characteristics  in  Four  Species  of  the  Genus  Arcella,**  Jour.  Exp, 
Zool.,  30:  1-95. 
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SUBVACE  OF  THE  NCOLK 

Tbe  area,  Toloine  and  eurfaca  of  the  nnclei  were  computed  from  camera 
drawingB  made  at  a  magnificatioD  of  6 
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out  our  work  as  a  measure  of  cytoplasmic  mass,  hence  it 
appears  from  the  results  of  our  measurements  that  an 
increase  in  mass  per  nucleus  represented  by  an  increase 
in  area  within  the  limits  of  8.9  sq.  mm,  is  the  stimulus 
that  initiates  nuclear  division.  The  exact  mass  of  cyto- 
plasm represented  by  this  increase  in  area  of  8.9  sq.  mm. 
might  easily  be  obtained  under  more  favorable  cir- 
cumstances. 

2.  When  we  compare  the  measurements  of  the  10  speci- 
mens with  4  nuclei,  one  of  which  is  dividing  (Fig,  3)  with 
13  specimens  of  the  stage  immediately  following,  with  3 
large  nuclei  and  two  tliat  have  just  reorganized  after 
division  (Fig.  4),  wc  find  that  although  the  latter  average 
lll.G  sq.  mm.  larger  per  specimen  the  average  area  per 
nucleus  is  14.7  sq.  mm.  less.      Thus  there  has  been  an 
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actual  increase  in  size  but  a  decrease  in  the  mass  of  cyto- 
plasm associated  with  each  nucleus. 


15  16  17 

Fios.  1-17.  Outline  djnmiagB  of  stages  in  the  growth  of  Opalina  sp. 
made  with  a  camera  ludda  at  a  magnification  of  650  diameters  and  reduced 
to  a  magnification  of  325  diameters. 

3.  During  the  growth  of  the  two  small  nuclei  to  their 
full  size  (Figs.  4-5)  the  size  of  the  organism  increases 
from  an  average  area  of  851.5  sq.  mm.  per  specimen  to  an 
average  area  of  860.5  sq.  mm.,  or  an  average  area  per 
nucleus  of  from  170.3  sq.  mm.  to  172.1  sq.  mm.  Although 
an  increase  in  size  has  taken  place,  the  average  area  per 
nucleus  of  172.1  sq.  mm.  in  specimens  containing  5  full- 
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sized  nuclei  is  less  than  that  of  specimens  with  4  full- 
sized  nuclei,  i.e.,  176.1  sq.  mm. 

4.  A  further  increase  in  the  average  size  of  the  speci- 
mens occurs  between  the  stage  with  5  nuclei  of  equal  size 
(Fig.  5)  and  that  with  6  nuclei,  two  of  which  have  just 
emerged  from  mitosis.  Measurements  give  for  the  for- 
mer an  average  area  of  860.5  sq.  mm.  and  for  the  latter 
951.4  sq.  mm.  The  specimens  with  the  two  small  nuclei, 
however,  possess  as  before  (see  (2))  a  lower  average 
area  per  nucleus,  i.e.,  158.6  sq.  mm.  as  compared  with 
172.1  sq.  mm.  in  specimens  with  5  full-grown  nuclei. 

5.  The  measurements  of  the  next  stage,  i.e.,  specimens 
with  6  nuclei  of  equal  size  (Fig.  7),  are  more  diflScult  to 
explain,  since  the  average  area  of  the  specimens  (926.7 
sq.  mm.)  is  actually  less  than  that  of  the  younger  speci- 
mens (see  (4))  with  4  large  and  2  small  nuclei,  and  the 
average  area  per  nucleus  falls  from  158.6  sq.  mm.  to  154.5 
sq.  mm.  These  results  may  be  due  to  a  thickening  of  the 
entire  animal  which  would  increase  the  mass  and  tend 
toward  a  decrease  in  area  or  the  nucleo-cytoplasmic  rela- 
tion may  change  as  the  animals  become  older.  That  there 
is  an  actual  decrease  in  the  average  area  per  nucleus  as 
growth  proceeds  is  indicated  by  the  measurements  of 
later  stages  as  given  in  Table  III.  This  table  shows  a 
decrease  per  nuclear  area  from  186  sq.  mm.  in  specimens 
with  4  nuclei  to  96.8  sq.  mm.  in  specimens  with  29  nuclei. 
That  this  decrease  is  gradual  is  indicated  when  averages 
are  made  of  three  successive  groups  containing  each  a 
larger -number  of  specimens.  Thus  the  4,  5,  and  6  nu- 
cleated groups  containing  134  specimens  have  an  average 
area  per  nucleus  of  173.8  sq.  mm.,  the  7,  8,  and  9  nucleated 
groups  containing  136  specimens  have  an  average  area 
per  nucleus  of  144.4  sq.  mm.,  the  10,  11,  and  12  nucleated 
groups  containing  51  specimens  have  an  average  area  per 
nucleus  of  143.5  sq.  mm.,  and  the  13,  14,  and  15  nucleated 
groups  containing  13  specimens  have  an  average  area 
per  nucleus  of  128.3  sq.  mm. 


No.  639]  GROWTH  AND  NU CLEAR  DIVISION 


341 


TABLE  III 

Table  Giviko  the  Average  Area  per  Specimen  and  per  Nucleus  of  338 
Specimens  Drawn  with  a  Camera  Lucida  at  a  Maonitication 

or  650  Diameters 


Number  of 
BpeelmeDS. 


19. 

40. 

76. 

54. 

50. 

32 

26. 

16. 

9. 

5. 

5 

3 

1. 

1 

1. 

1 


Number  of 
Nuclei. 


Average  Area  per  Specimen  Id 
8q.  Mm.  at  Maffnlflcatlon 
of  650  Diameters. 


4 

744 

5 

891 

6 

944 

7 

1,069 

8 

1,150 

9 

1,231 

10 

1,395 

11 

1,635 

12 

1,709 

13 

1,572 

14 

1,801 

15 

2,032 

16 

2,452 

17 

1,806 

28 

3,277 

29 

2,806 

Average  Area  per  Nucleus 

In  Bq.  Mm.  at  Magnification 

of  650  Dlameten. 


186.0 
178.2 
157.3 
152.7 
143.7 
136.8 
139.5 
148.6 
142.4 
120.9 
128.6 
135.4 
153.2 
106.2 
117.0 
96.8 


6.  By  the  time  one  of  the  nuclei  of  the  six-nucleated 
tage  has  been  stimulated  to  division  the  average  area 
er  nucleus  increases  again  to  172.1  sq.  mm.     After  this 
ciivision  is  completed  and  seven  nuclei  are  pre&ent,  two 
of  them  small,  the  average  area  per  nucleus,  as  was  to  be 
expected,  decreased  to  141.9  sq.  mm.     During  the  period 
xiecessary  for  the  two  small  nuclei  to  reach  their  full  size 
(Fig.  8)  the  area  increases  again  to  152.4  sq.  mm.    A  fur- 
ther increase  to  168.1  sq.  mm.  occurs  by  the  time  sufficient 
growth  takes  place  to  stimulate  one  of  these  seven  nuclei 
to  divide,  and  a  decrease  (to  141.0  sq.  mm.)  again  takes 
place  when  this  stage  evolves  into  that  with  eight  nuclei 
(Fig.  9). 

The  two  curves  in  Fig.  18  show  clearly  the  increase  in 
area  per  nucleus  up  to  the  point  where  one  nucleus  di- 
vides, then  a  conspicuous  decrease  following  nuclear 
division,  and  subsequently  an  increase  during  the  period 
when  the  nuclei  resulting  from  division  regain  their  full 
size,  ending  in  a  size  at  which  the  area  per  nucleus  is 
approximately  that  present  at  the  beginning. 
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Figure  19  illustrates  the  fact  that  the  size  of  the  entire 
specimens  increases  during  nuclear  multiplication  and 
growth,  but  that  the  area  per  nucleus  remains  ahnost 
constant. 
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Fio.  18.  Curves  fihowiiig  the  changes  in  area  per  nudeoa  that  accompany 
changes  in  nuclear  number  and  condition.  The  numbers  4,  5,  6,  and  7  indi- 
cate the  number  of  nuclei  present. 


7.  The  series  of  measurements  of  these  specimens  af- 
fords an  explanation  of  the  reason  why  nuclear  division 
in  Opalina  is  not  synchronous.  According  to  the  nucleo- 
cytoplasmic  relation  theory,  as  soon  as  the  mass  of  cyto- 
plasm has  increased  to  a  certain  point  nuclear  division 
is  initiated.  The  necessary  increase  to  furnish  this 
stimulus  in  Opalina  may  be  determined  approximately 
from  our  data  by  comparing  measurements  of  specimens 
in  which  the  nuclei  are  all  equal  in  size  with  those  in 
which  nuclear  division  has  been  inaugurated.  Such  a 
comparison  gives  the  following  results. 
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Nuclei 

4  (equal)  ^   

4  (one  in  division) 
6  (equal)     

6  (one  in  diviaion) 

7  (equal) 

7  (one  in  diyiaiion) 


Average  Area  per 
Nucleus 

1764  sq.  mm. 

185.0  sq.  mm. 
154.5  sq.  mm. 

172.1  sq.  mm. 
152/4  sq.  mm. 
168.1  sq.  mm. 


Difference  In  Area — Amount 
Necessary  to  Stimulate  Division 


8.9  sq.  mm. 

17.6  sq.  mm. 

15.7  sq.  mm. 


These  figures,  of  course,  indicate  only  the  relative  in- 
crease necessary  to  stimulate  nuclear  division ;  the  actual 
increase  could  be  detennined  by  measuring  accurately  the 
mass  of  cytoplasm  in  each  case. 


ttvtAlMg    Ta*  aMii 


Fio.  19.    Curves  showing  the  increase  in  the  curea  of  specimens  with  in- 
crease in  age  and  the  constancy  of  the  area  per  nucleus. 

In  looking  over  our  camera  drawings  it  was  noticed 
that  usually  only  one  nucleus  was  in  division  in  any  one 
specimen  (Figs.  3  and  6)  and  that  in  many  cases  two  of 
the  nuclei  in  a  specimen  were  smaller  than  the  rest  (Fig. 
4),  indicating  that  they  were  daughter  nuclei  that  had 
just  emerged  from  mitosis.  Of  a  total  of  137  specimens 
in  which  nuclei  were  found  in  division,  109  contained  one 
division  figure,  19  contained  2,  8  contained  3,  and  1  con- 
tained  4.    Furthermore,   those   containing  more   than 
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one  division  figure  were  usually  older  than  those  contain- 
ing one  only.  Thus  the  average  nuclear  number  of 
specimens  with  one  dividing  nucleus  was  7.2,  with  two 
dividing  nuclei,  8.1,  with  three  dividing  nuclei,  9.3,  and 
with  4  dividing  nuclei,  10.  These  data  favor  the  conclu- 
sion that  the  stimulus  that  initiates  nuclear  division  acts 
as  a  rule  on  only  one  nucleus  at  a  time  and  that  the  divi- 
sion of  this  nucleus  restores  the  nucleo-cytoplasmic  ratio. 
When  this  ratio  is  again  disturbed  by  an  increase  of  the 
cytoplasmic  mass  another  nucleus  is  stimulated  to  divide 
Division  of  two  or  more  nuclei  synchronously  may  be  due 
to  the  more  rapid  growth,  the  larger  specimens  in  which 
this  usually  occurs,  or  to  the  greater  chances  of  two  or 
more  nuclei  reacting  to  the  division-stimulus  when  a  large 
number  of  nuclei  are  present  in  a  single  specimen.  There 
is  some  evidence  that  the  nucleus  that  undergoes  division 
is  the  one  with  the  greatest  amount  of  cytoplasm  sur- 
rounding it,  but  this  could  not  be  determined  definitely. 
No  regular  distribution  of  the  nuclei  was  evidelit.  It  is 
interesting  to  note  in  this  connection  that  during  the  em- 
bryonic development  of  many  animals  nuclear  division 
occurs  in  all  cells  at  nearly  the  same  time.  This  is  espe- 
cially interesting  in  the  case  of  certain  insects,  in  the  eggs 
of  which  nuclear  division  proceeds  synchronously  without 
the  intervention  of  cell  walls  until  thousands  of  nuclei 
are  present  in  a  single  egg.*  An  increase  of  cytoplasm 
over  nucleus  may  also,  in  these  insect  eggs,  stimulate 
nuclear  division,  since  after  each  division  the  mass  of 
cytoplasm  surrounding  each  nucleus  is  increased  by  the 
addition  of  new  material  elaborated  from  the  yolk  sub- 
stance in  which  it  is  situated. 

8.  The  average  total  volume  of  the  nuclei  of  certain 
specimens,  average  volume  per  nucleus,  average  total 
area  of  the  surface  of  the  nuclei  and  average  area  of  the 
surface  per  nucleus  were  measured  in  cubic  millimeters 
and  square  millimeters  from  our  camera  drawings  which 

4Hegner,  R.  W.,  1914,  ''Studies  on  Germ  CeUs,"  Jour,  Morph.,  25:  375- 

509.    Especially  pp.  408-413. 
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were  magnified  650  diameters.  These  data  are  shown  in 
Table  II.  They  indicate  one  point  of  considerable  inter- 
est and  that  is  the  fact  that  as  the  number  of  nuclei  in- 


creases  their 


average 


volume   and   surface   decrease. 
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Fio.  20.    Tliese  three  curves  gAiow  that  decreases  in  the  volume  and  surface 
of  the  nuclei  are  accompanied  by  decreases  in  area  per  nucleus. 

Thus  in  specimens  with  4  nuclei  of  equal  size  each  nucleus 
has  an  average  volume  of  53.87  cu.  mm.,  in  specimens 
with  6  nuclei  the  average  volume  per  nucleus  decreases 
to  44.14  cu.  mm.,  and  in  specimens  with  8  nuclei  the  aver- 
age volume  per  nucleus  decreases  still  further  to  42.07 
cu.  mm.  Similar  results  were  obtained  from  measure- 
ments of  the  surface  of  the  nuclei,  but  the  decrease  is  not 
so  great  since  the  volume  decreases  as  the  cube  whereas 
the  surface  decreases  only  as  the  square.  As  the  table 
(II)  shows  the  average  surface  per  nucleus  in  sq.  nmi. 
decreased  from  65.33  sq.  mm.  in  specimens  with  4  nuclei, 
to  58.81  sq.  nmi.  in  specimens  with  6  nuclei,  and  57.37 
sq.  mm.  in  specimens  with  8  nuclei.  This  decrease  in  vol- 
ume and  surface  may  account  for  the  fact  noted  pre- 
viously (in  (5)),  that  the  area  per  nucleus  decreases  in 
specimens  with  nuclei  all  equal  in  size  as  the  numb 2 r  of 
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nuclei  becomes  greater  with  advancing  age.  Since  the 
volume  of  the  nuclei  is  less  in  these  older  specimens  the 
amount  of  cytoplasm  associated  in  normal  nucleo- 
cytoplasmic  relations  with  them  is  less  and  the  area  of 
the  specimens  per  nucleus  decreases  accordingly. 

The  curves  in  Fig.  20  bring  out  clearly  the  relation  be- 
tween area  and  volume  and  surface  of  the  nuclei  during 
the  growth  period.  The  average  area  per  nucleus  de- 
creases as  the  number  of  nuclei  increases,  but  at  the  same 
time  there  is  a  corresponding  decrease  in  both  volume 
and  surface  of  the  nuclei,  thus  maintaining  approximately 
the  initial  relation  between  nucleus  and  cytoplasm. 

SUMMABY 

(a)  A  high  correlation  exists  between  nuclear  number 
and  cytoplasmic  mass  (as  indicated  by  area)  during  the 
growth  of  Opalina  sp.  The  coefficient  of  correlation  in 
one  lot  of  341  specimens  was  .755  ±  .016  and  in  another 
lot  of  144  specimens  was  .874  ±  .015. 

(6)  By  comparing  the  area  of  various  stages  with  the 
number,  size,  state  of  division,  volume  and  surface  of  the 
nuclei  the  following  conclusions  were  reached.  (1)  Nu- 
clear division  is  stimulated  by  an  increase  of  cytoplasm 
that  may  be  determined  approximately.  (2)  As  the 
organisms  increase  in  age  the  nuclei  decrease  in  volume 
and  surface ;  this  is  accompanied  by  a  corresponding  de- 
crease in  the  area  per  nucleus,  indicating  that  the  nuclec- 
cytoplasmic  relation  is  maintained.  (3)  Nuclear  division 
is  not  synchronous  because  one  nucleus  is  usually  stimu- 
lated to  divide  before  the  others,  and  this  division  is  suflS- 
cient  for  the  time  to  reestablish  the  normal  relation  be- 
tween nuclei  and  cytoplasm. 
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INVESTIGATIONS  ON  THE  CONTROL  OP  HOOKWORM 

DISEASE.* 

I.    GENERAL  INTRODUCTION. 

By  WILLIAM  W.  CX>RT,  Ph.D. 
(Received  for  publication,  July  15,  1921.) 

A.  Factors  involved  in  hookworm  control. 

The  gradual  accumulation  of  inforniation  on  the  life  cycle  of 
th.o  hookworm  has  made  it  possible  to  apply  control  measures  with 
ii3.oreasing  precision.  Much  has  already  been  accomplished,  and  the 
^x^I>erience  of  men  engaged  in  control  work  is  constantly  pointing 
^o  problems,  the  solution  of  which  will  make  the  attack  on  hook- 
'^vox-m  disease  more  effective.  It  is  the  purpose  of  this  first  article 
^^  the  series  to  analyze  the  factors  involved  in  hookworm  control 
to  suggest  certain  lines  which  need  further  investigation. 
To  control  a  disease  produced  by  a  parasitic  organism  it  is  neces- 
to  find  a  point  at  which  its  life-cycle  can  be  broken.  The  lif e- 
^yole  of  the  hookworm  including  as  it  does  both  a  parasitic  stage  and 
active  free-living  stage  offers  three  points  of  attack,  viz.,  the 
^•asitic  adults,  the  eggs  and  the  newly  hatched  larvae,  and  the 
^^f  ective  larvae.  As  applied  to  control  measures  the  attempt  to  kill 
^'^e  parasitic  stage  of  the  hookworm  includes  (1)  the  recognition, 
^^Ually  by  fecal  examination,  of  the  individuals  who  harbor  the 
P^i*asites,  (2)  the  administration  of  an  anthelminthic  to  infested 
^^^dividuals,  (3)  the  reexamination  after  treatment  to  jiiscover 
*^  the  worms  have  been  dislodged,  and  (4)  the  retreatment, 
^^til  the  examination  becomes  negative,  of  those  individuals  who  are 
^^^n  infested.  The  killing  of  the  hookworm  eggs  can  be  accomplished 
^^timediately  by  disinfection  of  the  feces  containing  them,  or  by  the 
^^^vention  of  the  deposition  of  feces  by  infested  individuals  under 
^^nditions  where  the  eggs  can  hatch  and  reach  the  infective  stage. 
*^5s  phase  of  the  attack  centers  around  the  prevention  of  soil  poUu- 

*  The  series  of  papers  which  will  be  published  under  this  title  represents  the 

^^Its  of  hookworm  investigations  carried  out  by  the  Department  of  Medical 

^logy  of  the  School  of  Hygiene  and  Public  Health  of  Johns  Hopkins  University 

^^  the  cooperation  of  the  International  Health  Board  of  the  Rockefeller  Found- 
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tion,  and  is  also  effective  in  the  control  of  other  diseases,  such  as 
typhoid  fever  and  the  protozoan  and  bacillary  dysenteries.  The 
killing  of  the  infective  hookworm  larvae  may  be  accomplished  directly 
by  disinfecting  the  soil  in  which  they  live,  or  indirectly  by  prevent- 
ing the  human  host  from  coming  into  contact  with  such  soil  under 
conditions  which  would  make  infestation  possible. 

It  is  impossible  to  outline  any  standard  method  of  hookworm 
control  which  would  be  applicable  under  all  circumstances  since  the 
conditions  vary  so  greatly.  It  is  possible,  however,  by  critical  analy- 
sis to  evaluate  in  a  very  general  way  the  measures  of  control  com- 
monly used.  First,  it  must  be  constantly  borne  in  mind  that  in  a 
campaign  for  the  control  of  hookworm  disease  the  object  is  primarily 
to  kill  worms  and  the  results  must  in  the  main  be  judged  not  so 
much  by  the  number  of  patients  cured  as  by  the  reduction  of  the 
total  infestation  of  the  region  where  the  work  is  being  done.  That 
the  reduction  of  mass  infestation  is  not  necessarily  synonymous  with 
patients  cured  was  brought  forcibly  to  my  attention  several  years 
ago  in  connection  with  the  hookworm  control  work  in  the  mines  of 
California.  In  a  mine,  slightly  out  from  the  endemic  center,  ex- 
aminations showed  twenty  positives  out  of  about  one  hundred  under- 
ground workers.  All  except  two  of  these  infestations  were  very 
light,  showing  by  the  culture  method  of  diagnosis  only  one  or  very 
few  larvae  from  a  culture.  Almost  all  of  these  cases  would  have 
been  negative  if  one  of  the  more  usual  methods  of  fecal  examina- 
tion  had  been  used.  The  other  two  men  had  extremely  heavy  in- 
festations which  they  had  evidently  acquired  in  a  heavily  infested 
mine  in  which  both  had  worked  three  years  previously.  It  ^^^ 
roughly  estimated  that  these  two  men  harbored  at  least  ten  times 
as  many  worms  as  all  of  the  other  eighteen  together.  In  the  report 
the  twenty  cases  were  marked  positive  and  looked  much  alike,  hut 
for  the  control  of  the  disease  in  the  mine  the  two  heavily  infested 
individuals  were  much  more  important  than  all  of  the  other  eighteen 
put  together.  Especially  was  this  true  since  one  of  them  had  habitu- 
ally defecated  in  a  sump  which  was  visited  by  the  other  workers  and 
which  was  literally  swarming  with  hookworm  lar\'ae. 

A  second  general  ccmsideration  in  connection  with  hookworm 
work  is  that  each  control  project  differs  from  every  other  and  there- 
fore must  be  attacked  as  an  independent  problem.  The  factors 
which  must  be  considered  in  determining  the  best  method  of  V^^ 
dure  in  any  given  case  are  so  complex  that  the  director  of  the  cain* 
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paign  must  not  only  investigate  the  conditions  carefully  before  plan- 
ning his  work,  but  must  be  constantly  alert  to  varv  his  methcds  as 
new  information  makes  it  seem  desirable.  The  best  methods  to  be 
used  in  any  given  hookworm  campaiprn  depend  among  other  tilings 
on  the  purpose  of  the  worJk,  the  resources  available,  the  character 
and  customs  of  the  people,  the  conditions  under  which  they  live,  the 
degree  of  infestation  and  the  chief  sources  cf  infestation.  For  ex- 
ample, if  a  plantation  owner  with  a  shifting  labor  population  wishes 
to  increase  the  efficiency  of  his  h^bor,  he  will  be  interested  chiefly 
in  the  reduction  of  mass  infestation  in  his  workers,  and  will  pay 
special  attention  to  the  sources  of  infestation  on  his  plantation.  A 
medical  man  working  alone  with  a  small  appropriation  would  hardly 
concern  himself  with  the  improvement  of  his  method  of  examination 
or  with  completely  curing  his  patients,  but  would  tty  to  treat  the 
worst  cases  and  spread  as  much  information  as  possible.  Wliere 
human  excrement  is  used  for  fertilizing  the  soil  the  methods  of  at- 
tack become  quite  different  from  a  region  in  which  this  practice 
does  not  exist.  The  hookworm  campaigns  carried  on  under  army 
conditions  assumed  an  entirely  different  aspect  from  those  in  a  civil 
population,  because  it  was  possible  to  absolutely  control  the  individu- 
als with  whom  the  work  was  being  done.  Examples  of  this  kind 
could  be  multiplied,  but  those  given  ser\^e  to  illustrate  the  futility 
of  trying  to  work  out  by  rule  of  thumb  any  best  program  of  hook- 
worm control. 

In  the  inauguration  of  a  hookworm  campaign  the  discovery  of 
the  exact  sources  of  infestation  is  of  great  im])ortance.  Witliout 
this  information  the  control  measures  in  a  region  can  only  be  directed 
at  a  general  reduction  of  mass  infestation.  The  importance  of  de- 
veloping methods  for  making  dofuiite  epidemiological  studies  on 
hookworm  disease  is  emphasized  by  the  helplessness  many  workers 
feel  when  they  find  a  high  degree  of  reinf<'station  of  the  popnlati(ni 
of  a  region  only  a  short  time  after  the  eonc!n>ion  of  an  intensive 
hookworm  campaign.  That  it  is  feasible  in  e(  nneetion  with  a  hook- 
worm campaign  to  study  intensively  tho  sources  of  infestation  is 
well  illustrated  by  the  work  of  Baermann  flOlT)^  in  Sumatra.  This 
investigator  has  worked  out  a  simy)le  method  by  which  infective 
hookworm  larvae  can  be  isolated  frr^ni  soil  'Baermann,  iniT").- 
By  the  use  of  this  method  he  has  apparently  been  able  to  uncover 
the  chief  sources  of  infestation  in  the  area  in  which  he  was  working. 
He  was  led  to  make  these  studies  by  the  fact  that  even  after  apply- 
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ing  the  ordinary  measures  for  a  period  of  several  years  there  was  a 
•considerable  degree  of  infestation  which  he  was  unable  to  eradicate. 
I  will  not  go  into  the  many  interesting  details  of  his  work,  but  will 
only  mention  his  finding  of  one  entirely  unsuspected  source  of  in- 
festation. He  found  hookworm  larvae  in  large  numbers  in  damp 
areas  on  the  dirt  floors  of  the  houses  around  the  places  where  the 
washing  and  drinking  water  was  kept.  He  suggests  a  number  of 
ways  by  which  the  larvae  might  have  been  brought  to  these  places,, 
and  concludes  that  these  spots  were  the  chief  source  of  infestation 
for  the  people  living  in  the  houses.  Here  then  was  an  important 
source  of  infestation  the  detection  of  which  at  the  beginning  of  the 
work  would  have  made  the  whole  campaign  more  eflPective. 

In  analyzing  the  factors  involved  in  hookworm  control  the  phases 
of  the  work  connected  with  the  killing  of  the  parasitic  stage,  or  in 
'Other  words,  the  treatment,  will  be  first  discussed.  Before  treating^ 
•examinations  are  usually  made  to  find  the  individuals  carrying  the 
inEestation,  Certain  workers  have  advocated  the  omission  of  the 
diagnostic  examinations  and  the  treatment  of  the  whole  population 
where  a  preliminary  survey  has  shown  a  very  high  mass  infestation* 
Such  a  procedure  might  be  justifiable  where  over  eighty  per  cent.  oE 
the  population  are  infested  and  would  result  in  a  considerable  saving* 
The  factors  involved  in  the  choice  of  any  particular  method  of  fecaL 
examination  for  the  diagnosis  of  hookworm  disease  are  so  compleic 
that  it  is  not  possible  to  say  that  any  given  method  is  the  best  foi' 
all  circumstances.  The  choice  of  method  must  depend  on  the  purpose 
of  the  work,  the  number  of  examinations  to  be  made,  the  moneys 
available,  the  conditions  under  which  the  work  is  to  be  done,  the 
qualifications  of  the  microscopists,  etc.  It  is  practically  impossible 
to  make  the  dia<rnostic  examination  so  critical  that  every  individual 
who  harbors  hookworms  will  be  marked  positive.  Also,  in  a  certain 
number  of  the  cases  the  number  of  worms  present  is  so  small  that 
such  individuals  could  hardly  be  considered  an  appreciable  factor' 
in  the  spreading  of  the  disease.  The  method  of  examination  used 
should  certainly  be  sufficiently  accurate  to  find  all  those  who  harbor^ 
a  sufficient  number  of  worms  to  produce  clinical  symptoms,  as  welL 
as  those  who  have  a  considerable  degree  of  infestation  but  high  re- 
sistance. Tn  most  campaigns  the  accuracy  of  the  examination  can^ 
be  carried  far  beyond  this  point,  but  it  should  not  be  carried  to  the 
oxtroTue  where  the  increased  cost  in  time  and  money  is  out  of  propor— 
tin.i  to  the  results  obtained. 
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In  the  treatment  phase  of  the  work  quite  a  proportion  of  the 
time  and  money  expended  often  goes  to  the  attempt  to  **cure''  the 
patients  treated.  Sometimes  four  or  five  treatments  and  the  cor- 
responding reexaminations  are  given  a  single  patient  before  he  is 
pronounced  ** cured/'  the  term  ** cured''  being  applied  when  the 
number  of  worms  has  been  reduced  below  the  point  where  the 
method  of  examination  in  use  gives  a  positive  finding.  It  is  evident 
that  where  less  critical  methods  of  reexamination  after  treatment  are 
used  there  will  be  a  larger  number  of  ** cures."  On  account  of  this 
possible  source  of  error  and  the  time  consumed  there  has  been  a  tend- 
ency recently  to  question  the  value  of  this  phase  of  the  work.  Per- 
haps further  experiments  will  make  it  possible  to  standardize  so 
definitely  the  methods  of  treatment  for  hookworm  disease  that  all 
reexaminations  and  subsequent  retreatments  will  become  unneces- 
sary. Certainly  the  expenditure  of  considerable  portions  of  moneys 
available  for  hookworm  control  work  in  attempts  to  clear  out  the 
last  few  worms  from  the  patients  is  not  justifiable  when  we  consider 
the  millions  suffering  from  hookworm  disease  who  cannot  be  reached 
by  any  work  now  organized. 

In  the  attempt  to  break  the  life-cycle  of  the  hookworm  by  killing 
the  eggs,  control  work  has  been  centered  around  the  prevention  of 
soil  pollution.  This  phase  usually  consists  in  seeing  that  the  people 
are  provided  with  proper  latrines  and  are  educated  to  use  them. 
In  many  ways  this  is  the  easiest  and  most  effective  measure  for 
hookworm  control  and  without  its  inclusion  no  campaign  can  have 
lasting  value.  It  has  the  advantage  of  being  also  an  attack  on  the 
numerous  other  diseases  which  are  spread  by  soil  pollution.  In  this 
phase  of  the  work  there  are  two  critical  points.  First,  it  must  be 
certain  that  the  type  of  fecal  disposal  which  is  advocated  really 
prevents  the  spread  of  the  disease.  Second,  the  whole  success  of 
this  phase  of  the  work  rests  on  whether  the  people  of  the  area  will 
be  sufficiently  enlightened  to  cause  an  appreciable  number  of  them 
to  continue  to  maintain  and  use  the  latrines  after  the  conclusion  of 
the  campaign.  Unfortunately  in  many  areas  where  hookworm  work 
has  been  carried  on  there  has  not  been  any  great  decrease  in  soil 
pollution,  and  time  after  time  even  where  proper  latrines  are  in- 
stalled in  adequate  numbers  only  a  short  time  elapses  before  the 
people  have  returned  to  their  former  habits  of  soil  pollution.  In  re- 
gions where  the  population  is  very  primitive  or  where  human  ex- 
crement is  used  for  fertilizing  the  soil  the  problem  seems  almost 
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incapable  of  solution.  The  habits  of  people  are  not  easily  changed. 
Only  by  educational  activities  carried  out  by  governmental  agencies 
over  a  term  of  many  years  and  supplemented  by  carefully  planned 
and  adequately  enforced  legislation  can  it  be  hoped  to  permanently 
improve  in  many  places  the  methods  of  excreta  disposal.  To  prevent 
pessimism  in  regard  to  present  hookworm  control  campaigns  it  should 
be  remembered  that  in  many  cases  they  are  merely  entering  wedges 
designed  to  start  in  motion  those  larger  agencies  that  may  in  time 
be  able  to  raise  the  standards  of  the  people. 

Connected  with  the  prevention  of  soil  pollution  in  the  general 
educational  campaign  is  the  question  of  the  prevention  of  the  en- 
trance of  the  infective  larvae  into  man.  The  manifold  phases  of  this 
need  not  be  discussed  here,  but  it  is  necessary  to  throw  out  the  cau- 
tion that  since  in  most  areas  the  actual  sources  of  human  infestation 
are  not  known,  it  is  only  when  careful  epidemiological  investigations 
are  carried  out  that  information  of  more  than  a  very  general  nature 
can  be  given  to  the  people  for  their  personal  protection. 

There  has  been  considerable  discussion  and  much  experimenta- 
tion on  possible  methods  of  killing  hookworm  eggs  and  larvae  in  the 
soil.  As  compared  with  bacteria,  the  infective  hookworm  larvae 
are  surprisingly  resistant  to  disinfectants.  In  considering  the  effect 
of  various  chemical  reagents  on  hookworms  in  the  soil  it  must  be  re- 
membered that  all  stages  of  the  hookworm  in  the  soil  are  not  af- 
fected in  the  same  way.  Experiments  have  shown  that  any  given 
chemical  agent  which  might  be  used  for  disinfection  acts  differently 
on  the  eggs,  the  newly  hatched  larvae  and  the  infective  larvae.  The 
newly  hatched  larv^ae  are  much  more  easily  killed  than  either  of  the 
other  stages.  It  is  apparently  not  practicable  to  disinfect  generalized 
sources  of  infestation.  It  is  possible,  however,  that  this  method  of 
hookworm  control  has  a  much  more  important  application  than  has 
been  realized.  Certainly  it  is  possible  to  disinfect  limited  areas  such 
as  h^prhly  polluted  mine  ** sumps,''  tlie  areas  around  faulty  latrines, 
or  infosted  places  in  a  house  or  yard.  TTnfortunately  our  knowledge 
is  still  unsatisfactory  in  regard  to  the  be«t  disinfectants  to  iise  and 
their  method  of  application. 

B.  Problems  in  hookworm  control. 

Thoro  is  available  a  large  body  of  information  both  on  the  life 
liist<  rv   of  tlie  hookworm   and   the   methods   of  hoolnvorm   control. 

« 

Tliere  is,  liowever,  no  stage  of  the  life-cycle  of  the  hookworm  or  no 
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phase  of  hookworm  control  work  on  which  further  investigations  can- 
not be  carried  out  with  profit  either  from  the  biological  or  from  the 
practical  point  of  view.     The  problems  which  need  investigation  in 
connection  with  the  improvement  of  hookworm  control  work  can  for 
-the  sake  of  convenience  be  divided  into  two  general  categories.    The 
first  involves  researches  on  methods  of  control  and  the  second  re- 
fE^earches  on  the  biology  of  the  hookworm. 

Researches  of  the  first  type  have  for  their  purpose  the  reduction 
in.    the  cost  of  the  methods  used  or  the  increase  of  their  effective- 
ness.   When  the  large  sums  of  money  which  are  being  spent  in  hook- 
worm control  and  the  vastness  of  the  field  yet  untouched  are  con- 
sidered it  can  be  realized  how  important  is  any  saving  or  improve- 
ment in  method,   however  slight.     Researches   on   improvement  of 
metliods  can  usually  be  best  carried  on  by  men  connected  with  active 
control  work  in  the  field,  and  from  such  men  results  are  constantly 
coining  which  have  added  much  to  the  effectiveness  of  hookworm  con- 
trol  work.     The  director  of  a  hookworm  campaign  who  adequately 
grrasps  the  significance  of  his  project  as  an  individual  research  prob- 
lem  can  hardly  fail  to  add  materially  to  the  improvement  of  the 
^iiethods  of  work.     The  differences  of  opinion  which  have  arisen 
sUo^w  that  there  is  still  plenty  of  room  for  further  investigations  of 
"^uis  type.     For  example,  much  can  be  expected  from  further  com- 
Pa-irative  studies  of   the  methods   of   fecal   examination   and  their 
^^i^ptation  to  varying  conditions.    In  spite  of  all  that  has  been  done, 
'^^  treatment  of  hookworm  disease  still  needs  investigation,  and  prog- 
^^^  can  be  expected  both  from  the  comparison  and  improvement  of 
V^^'^liods  now  in  use  and  from  the  search  f(>r  new  ones.    The  further 
,  ^"^^lopment  of  methods  for  the  disposal  of  human  excreta  which  can 
Applied  to  various  regions  where  soil  pollution  is^  prevalent  is  a 
^^*^»iisinsr  field.     Along  this  lino  the  TJ.  S.  Public  Health  Service  is 
^^oting  large  sums  of  money  and  the  services  of  a  number  of  ex- 
^"ts  in  an  attempt  to  devise  methods  for  the  disposal  of  hmnan 
^;J  ^^eta  which  will  be  adapted  to  conditirms  in  the  Southern  United 
*      ^trcs.     Little  that  is  satisfactory  is  vet  known  about  the  disinfec- 
^^    of  the  soil.     In  fact  oxery  step  in  hookworm  control  work  still 
^<3s  to  be  carefully  investigated  from  a  variety  of  different  view- 
*  ^^^nts  and  under  different  conditions. 

In  spite  of  the  great  mass  of  published  data  which  is  available 
^  the  life  cycle  of  the  hookworm;  it  still  offers  many  unsolved  prob- 
^^"^s.     While  any  new  information  on  any  y)hase  of  the  biology  of 
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the  hookworm  may  prove  of  practical  value  in  the  attack  on 
organism,  it  is  that  phase  of  the  life-cycle  which  is  passed  outsic 
of  the  human  body  which  offers  the  most  promising  field.  Since  th-^ 
investigations  which  we  are  undertaking  center  around  the  life  o^^ 
the  hookworm  eggs  and  larvae  in  the  soil  a  more  extended  analysis 
of  the  unsolved  problems  of  this  stage  and  their  practical  applica^ — - 
tions  will  be  made. 

From  the  biological  point  of  view  the  investigation  of  the  life  of  ^ 
the  hookworm  in  the  soil  is  primarily  an  ecological  problem  involv- 
ing as  it  does  a  complete  study  of  the  influence  of  all  the  various 
factors  of  the  environment  on  this  phase  of  the  life  of  the  organism. 
From  the  point  of  view  of  control  this  problem  centers  around  the 
question  of  the  infectivity  of  the  soil.     It  involves  a  study  of  the 
distribution  of  the  hookworm  eggs  and  larvae  outside  the  human 
body,  especially  their  distribution  to  situations  where  they  will  have 
a  chance  to  reenter  the  human  body,  and  of  measures  which  could 
be  employed  to  keep  them  from  such  situations.    Such  investigations 
mclude  those  which  have  to  do  with  the  attempt  to  increase  knowl- 
edge concerning  the  general  relation  to  environment  and  activities 
of  this  phase  of  the  life-cycle  of  the  hookworm  and  those  which  are 
centered  around  the  problems  of  the  source  of  human  infestation  in 
particular  areas.    There  is  really  very  little  precise  information  on 
the  life  of  the  hookworm  in  the  soil,  and  seldom  has  the  infectivitr 
of  the  soil  in  any  given  area  been  scientifically  studied.     The  im- 
portance  of  such  studies  is  apparent  when  we  consider,  as  was  shown 
earlier,  that  unless  the  exact  sources  of  infestation  of  the  people  in 
a  given  area  are  known,  only  general  control  measures  can  be  ap- 
plied. 

In  order  to  more  clearly  define  the  unsolved  problems  in  connec- 
tion with  the  life  of  the  hookworm  in  the  soil  I  will  present  in  out- 
line the  phases  which  need  investigation  and  discuss  the  practical 
applications  of  some  of  the  problems  suggested. 

Certain  phases  of  an  investigation  of  hookworm  in  the  soi^ 

I.  The  eggs  and  young  larv^ae. 

A.  The  distribution  of  the  eggs  over  the  soil. 
1.  By  man. 

a.  By  direct  soil  pollution. 

h.  By  accidental  carriage  on  feet  and  hands. 

c.  By  use  of  human  excreta  in  fertilizing  the  soil. 
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2.  By  animals  other  than  man. 

a.  By  feeding  on  human  feces. 

h.  By  human  feces  clinging  to  parts  of  the  body. 

3.  By  physical  agencies. 

a.  By  rain. 

ft.  By  bodies  of  water. 
B.  Conditions  necessary  for  the  development  of  the  hookworm 
in  the  soil. 

1.  Length  of  time  under  varying  conditions  that  the  hook- 

worm eggs  will  remain  alive  without  hatching  in 

human  stools. 
a.  In  stools  on  the  soil. 
5.  In  stools  in  water. 

c.  In  stools  in  various  types  of  latrines. 

d.  In  buried  feces. 

2.  Hatching  of  eggs  and  development  of  larvae  under  vari- 

ous enviromnental  conditions. 

a.  Will  hookworm  eggs  hatch  in  buried  fecesT 

b.  Hatching    and    development    in    various    types    of 

latrines, 

e.  Conditions  necessary  for  hatching  and  development 

when  deposited  on  the  soil  or  in  water. 

(1)  Food. 

(2)  Moisture. 

(3)  Temperature, 

(4)  Chemical  conditions. 
I.  The  infective  larvae. 

A.  Length  of  life. 

1.  Under  conditions  favorable  for  great  activity. 

2.  Under  conditions  which  favor  inactivity, 

3.  In  various  types  of  soils, 

4.  Length  of  time  various  soils  remain  infective  after  pollu- 

tion slops. 

B.  Conditions  necessary  for  life, 

1.  Amount  of  moisture  needed. 

a.  Effect  of  large  amounts  of  moisture. 
ft.  Resistance  to  desiccation. 

2.  Chemical  relations. 

a.  Favorable   anij   unfavorable   chemical   situations  in 
natural  environment. 
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&.  Effect  of  various  chemical  agents, 
c.  Disinfection  of  infested  soil. 
C.  The  spread  of  the  infective  larvae. 

1.  Active  migrations. 

a.  Horizontal  migrations  from  pollution  centers. 

(1)  Effect  of  temperature. 

(2)  Effect  of  moisture  conditions. 

(3)  Effect  of  physical  character  of  the  soil. 

(4)  Effect  of  chemical  character  of  the  soil. 

(5)  Effect  of  vegetation. 
h.  Vertical  migrations. 

(1)  Depth  of  vertical  migrations  under  favorable 

conditions. 

(2)  Possible  upward  migration  when  larvae  ar^ 

buried. 

(3)  Possible  downward  migration  when  upper  sur- 

face of  soil  dries. 

2.  Passive  spread  of  infective  larvae. 

a.  By  man. 

h.  By  animals  other  than  man. 

c.  By  physical  agencies. 

(1)  By  rain. 

(2)  By  streams  of  water. 

3.  The  distribution  of  infective  lan^ae  in  an  infested  area. 

a.  With  respect  to  centers  of  soil  pollution. 
h.  In  relation  to  disposal  of  human  wastes. 
c.  With  regard  to  sources  of  human  infestation. 

I  shall  not  attempt  to  discuss  all  of  the  problems  which  are  sug- 
gested by  this  outline,  but  will  merely  indicate  the  importance  of 
the  solution  of  some  of  them.  In  the  epidemiological  study  of  any 
given  area,  the  study  (jf  the  centers  of  soil  pollution  and  the  analysis 
of  the  factors  involved  in  the  spread  of  the  feces  containing  eggs 
would  naturally  be  the  first  step.  In  certain  regions  chickens,  dogs, 
and  pigs  ingest  human  feces  in  considerable  quantity.  While  the 
role  of  tliese  animals  in  the  spread  of  hookworm  disease  has  been 
suggested  fre(iuently,  their  real  significance  has  not  been  sufficiently 
investigated.  A  more  accurate  understanding  of  whether  these  and 
other  animals  can  si)read  ingested  hookworm  eggs  or  larvae  would 
make  it  possible  to  determine  whether  their  activities  in  any  given 
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region  were  producing  definite  centers  from  which  the  people  were 
being  infested. 

After  an  analysis  of  the  spread  of  the  feces  containing  eggs 
would  come  the  study  to  determine  just  where  the  eggs  find  condi- 
tions favorable  for  their  development  and  hatching.  Unfortunately, 
our  information  is  not  very  clear  on  a  number  of  factors  involved 
in  this  phase.  Several  insufficiently  answered  questions  center 
around  the  question  of  how  long  hookworm  eggs  live  when  they  are 
deposited  under  conditions  unfavorable  for  their  development.  The 
fact  has  been  established  that  hookworm  eggs  can  remain  viable  for 
considerable  periods  when  conditions  are  unfavorable  and  then  when 
conditions  become  favorable  can  continue  their  development.  It  is 
probable  that  this  power  of  resistance  is  partly  responsible  for  the 
much  greater  incidence  of  hookworm  than  of  Strongyloides  stercor- 
als where  these  two  organisms  live  side  .by  side.  To  evaluate  this 
factor  in  any  given  situation  more  information  is  needed  to 
answer  such  questions  as  the  following:  How  long  can  hookworm 
eggs  resist  desiccation  in  a  stool  deposited  on  the  surface  of  the  soil  ? 
How  long  can  eggs  remain  capable  of  hatching  under  conditions  such 
as  those  within  a  solid  stool  or  a  buried  stool  in  which  the  supply  of 
oxygen  is  not  favorable  for  development  ?  A  very  practical  question 
in  this  connection  is  whether  the  eggs  remain  viable  for  any  con- 
siderable time  and  especially  whether  they  can  hatch  and  the  larvae 
develop  under  the  conditions  found  in  various  types  of  latrines. 
Also,  whether  larvae  which  have  developed  in  latrines  can  escape  to 
situations  where  they  would  be  dangerous  to  man.  Many  more  in- 
vestigations are  needed  on  the  factors  involved  in  the  hatching  of 
the  hookworm  eggs  and  the  development  of  the  larvae  to  determine 
the  conditions  necessary  for  such  development  under  natural  condi- 
tions. 

The  literature  contains  a  number  of  references  to  observations  on 
the  length  of  life  of  hookworm  larv^ae  in  the  infective  stage.  In 
this  connection  the  particular  point  which  needs  further  investigation 
is  how  long  after  the  removal  of  the  sources  of  soil  pollution  can  a 
given  area  remain  infective.  That  is,  how  long  do  larvae  live  under 
various  situations  in  such  numbers  as  to  be  an  appreciable  source  of 
infestation  to  the  population.  Since  the  infective  hookworm  larvae 
depend  for  their  food  and  oxygen  on  stored  material,  it  seems  very 
probable  that  the  more  active  they  are,  the  sooner  they  will  die. 

We  know  very  little  of  the  wide  variety  of  factors  which  influ- 
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ence  the  life  of  the  hookworm  larvae  in  the  soil,  and  further  studies 
are  needed  on  such  questions  as  resistance  to  chemicals,  soil  prefer- 
ence, etc.  The  evidence  indicates  that  desiccation  quickly  kills  the 
hookworm  larvae.  An  important  series  of  investigations  which  are 
greatly  needed  are  those  which  would  determine  the  minimum  of 
moisture  which  must  remain  in  the  soil  of  various  types  to  keep  the 
hookworm  larvae  alive.  Further,  can  hookworm  larvae  migrate  down 
into  the  lower  layers  of  the  soil  as  the  upper  layers  become  dry? 
Both  of  these  problems  touch  the  practical  question  of  whether  hook- 
worm larvae  can  live  over  the  dry  season  in  certain  tropical  regions. 

There  are  few  other  questions  on  the  biology  of  the  hookworm 
on  which  we  have  less  accurate  data  than  on  the  migrations  of  the 
infective  larvae.  It  is  not  so  much,  how  far  theoretically  they  might 
migrate,  as  how  far  they  actually  do  spread  under  various  conditions 
from  the  centers  of  soil  pollution.  Studies  under  both  laboratory 
and  field  conditions  are  needed  along  this  line,  involving  such  ques- 
tions as  the  influence  of  the  physical  and  chemical  character  of  the 
soil  and  its  moisture  content  on  such  migrations. 

Most  of  the  problems  which  have  just  been  discussed  are  related 
to  the  question  of  the  sources  of  human  infestation.  Such  problems 
are  not  easily  solved,  and  many  of  them  depend  on  the  development 
of  methods  which  make  it  possible  to  discover  whether  encapsuled 
hookworm  larvae  are  present  in  the  soil.  On  this  point  Baermann 
(1917)-  has  been  most  successful  by  utilizing  the  fact  that  the  larvae 
will  leave  soil  for  water.  In  the  work  which  we  are  undertaking  on 
some  of  these  problems  a  modification  of  Baermann 's  apparatus  has 
been  used  for  isolatinf?  infective  hookworm  larvae  from  the  soil, 
and  a  description  of  it  will  appear  in  number  two  of  this  series. 
Such  an  analysis  might  be  carried  much  further,  but  it  has  been 
sufficient  to  define  the  problems  of  the  present  series  of  investiga- 
tions, and  possibly  to  sujrgest  to  other  workers  lines  of  research 
which  might  be  followed  with  profit. 
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Introduction. 

Little  information  is  available  on  the  life  of  mature  hookworm 
larvae  in  soil  on  account  of  the  difficulty  experienced  in  studying  them 
in  their  natural  environment.  Not  until  the  investigations  of  Baer- 
mann  (1917)  was  an  apparatus  devised  with  which  hookworm  larvae 
can  be  isolated  from  considerable  quantities  of  soil.  This  apparatus 
makes  it  possible  to  study  the  activities  of  the  infective  hookworm 

•  This  paper  is  the  first  report  from  the  invest ij^ation  in  Trinidad,  British 
West  Indies,  on  the  Ufe  of  hookworm  egfjs  and  larvae  in  soil,  carried  on  by  the* 
Department  of  Medical  Zoology  of  the  School  of  Hygiene  and  Public  Health  of  the 
.Johns  Hopkins  University,  with  the  cooi>€ration  of  the  International  Health  Board 
of  the  Rockefeller  Foundation.  The  expedition  worked  in  connection  with  the  inten- 
sive hookworm  campaign  in  Trinidad  of  which  Dr.  George  C.  Payne  of  the  Inter- 
national Health  Board  was  director,  and  was  under  the  direction  of  Dr.  William  W. 
Cort  of  the  Johns  Hopkins  University.  The  expenses  of  the  expedition  were  paid 
by  the  International  Health  Board.  The  location  of  the  work  in  Trinidad  was 
niade  possible  by  the  interest  and  cooperation  of  the  Government  of  Trinidad  and 
Tobago,  who  through  the  Surgeon-General,  Dr.  K.  S.  Wise,  and  other  officers  ten- 
dered to  the  expedition  many  courtesies  which  aided  in  the  successful  conduct  of 
tlie  work.  Those  who  took  part  in  the  investigations  were  Dr.  James  E.  Ackert, 
of  the  Kansas  State  Agricultural  College;  Mr.  D.  L.  Augustine,  of  the  Johns  Hop- 
kins University;  Dr.  Florence  King  Payne,  Dr.  George  C.  Payne  and  Dr.  William 
W.  Cort. 
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larvae  in  the  soil  and  to  determine  accurately  tlie  sources  of  infestation 
with  hookworm  disease  in  any  region.  A  modification  of  Baennann's 
apparatus  has  been  iised  with  success  in  the  investigations  of  the  past 
summer.  On  aecount  of  the  importance  of  this  apparatus  and  be- 
cause Baermuiin's  description  is  published  in  a  rather  InacceEsible 
place  we  will  describe  in  detail  the  apparatus  which  we  used  for  the 
isolation  of  hookworm  larvae  from  soil  and  the  experiments  which 
were  performed  to  standardize  it  under  different  conditions  of  eoil. 
moisture  and  temperature. 


;  method  of  draniag  off  tl" 
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Description  op  isolatinq  apparatus. 
The  apparatus  for  the  isolation  of  hookworm  larvae  from  the  soil 
vorks  by  bringing  the  lower  surface  of  a  soil  sample  into  coutaet  with 
water  of  a  considerably  higher  temperature.  Under  these  conditions 
a  large  proportion  of  the  nematodes  in  the  sample  will  pass  into  the 
water  and  can  be  collected  and  counted.  This  isolating  apparatus 
eonsists  of  a  glass  funnel  almost  filled  with  water,  which  has  the 
outlet  closed  by  a  clamped  piece  of  rubber  tubing.  The  soil  sample  is 
placed  in  a  sieve,  which  is  then  fitteii  down  Liitn  llie  funnel  so  that 
the  level  of  the  water  is  above  the  lower  surface  of  the  soil.  For  the 
examination  of  soil  samples  of  half  a  pint  or  more  there  were  used 
large  glass  funnels  eight  inches  in  diameter  and  specially  prepared! 
brass  sieves  seven  inches  in  diameter  and  three  inches  in  height,  with 
a  1  mm.  mesh.  To  prevent  small  particles  of  soil  from  sifting  through 
into  the  funnels  the  sieves  were  lined  with  one  or  two  thicknesses  of 
:loth.  Figures  1  and  2  show  the  isolating  apparatus  set  up  for  use. 
It  will  be  noted  that  tightly  fitting  rubber  tubes  closed  with  Hoffman 
ilamps  are  placed  on  the  stems  of  the  funnels.  Nineteen  units  of  this 
ipparatus  were  in  constant  use  during  our  investigations.  For 
•onvenience,  as  shown  in  the  figures,  supports  of  suitable  height  were 
nade,  and  the  funnels  held  in  place  by  padded  cross  bars.     It  was 


Toand  early  in  the  work  that  if  the  cross  bars  were  so  far  apart  that 
ihe  funnels  were  supported  by  their  rims,  considerable  breakage  re- 
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suited.  It  is  possible  to  substitute  for  the  sieve  a  piece  of  wire  screen 
covered  with  cloth,  of  such  a  size  that  it  can  be  fitte4  down  into  the 
funnel.  The  sieves  have  the  advantage  of  being  more  easily  handled 
in  the  transfer  of  soil. 

TeCHNIC  op  using  the  ISOL.ATING  APPARATUS. 

In  our  routine  procedure  the  soil  was  thoroughly  broken  up  be- 
fore being  emptied  into  the  sieves.  Precautions  should  be  taken  not 
to  carry  over  a  little  of  the  soil  from  one  sample  to  another,  and  to 
keep  the  bottom  of  the  sieve  from  contact  with  any  dirt.  The  water 
used  in  the  funnels  was  usually  heated  to  a  temperature  of  about 
115°  F.  A  funnel,  after  being  set  up,  was  filled  within  an  iijch  and  a 
half  of  the  rim,  so  that  when  the  sieve  was  placed  in  position  there 
would  be  no  contact  between  the  water  and  the  bottom  of  the  sieve. 
Water  of  the  same  temperature  was  then  poured  over  the  rim  of  the 
funnel,  until  it  was  practically  full  and  the  level  of  the  water  almost 
an  inch  above  the  bottom  of  the  sieve.  The  samples  were  usually  set 
up  in  the  isolating  apparatus  some  time  during  the  day  and  left  stand- 
ing over  night  before  the  examinations  were  made.  One  method  of 
drawing  oflf  the  samples  of  water  for  microscopical  examination  was 
to  attach  a  second  clamp  higher  on  the  tube  and  to  allow  the  water 
between  the  two  clamps  to  run  off  into  a  50  c.c.  centrifuge  tube  (see 
Fig.  1).  A  simpler  method  is  to  slightly  open  the  clamp  at  the 
bottom  of  the  rubber  tube  and  let  the  water  run  out  until  the  centri- 
fuge tube  is  filled.  After  centrifugation  the  supernatant  water  was 
drawn  off  with  a  long  pipette  and  the  residue  spread  out  on  a  two-by- 
three-inch  slide,  for  microscopical  examination.  In  some  instances, 
when  the  soil  sample  was  of  saturated  clay  or  very  finely  divided  sand, 
a  considerable  amount  of  sediment  would  fall  into  the  funnel.  This 
could,  if  necessary,  be  reduced  in  amount  by  running  it  through  a 
smaller  isolating  appartus  before  microscopical  examination. 

For  the  examination  of  small  soil  samples  it  was  found  to  be  con- 
venient to  use  a  funnel  about  9  cm.  in  diameter.  Since  no  small  sieves 
were  available,  pieces  of  screen,  bent  into  a  cone  shape  and  lined  with 
cloth,  were  used  for  holding  the  soil  samples.  The  smaller  apparatus 
effected  a  considerable  saving  of  time  in  the  examinations  of  small 
samples,  and  the  standardization  tests  with  it  (see  Table  IV)  were 
somewhat  better  than  those  with  the  large  apparatus. 
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Identification  of  mature  hookworm  larvae. 

In  samples  taken  in  the  field,  or  from  experiments  where  the  soil 
had  not  been  previously  heated,  there  were  almost  always  present  nema- 
todes other  than  hookworm  larvae.    Baermann  (1917  a,  p.  629)  used 
about  one  to  five  drops  of  a  7.5  per  cent,  solution  of  caustic  soda  to  kill 
these  nematodes  in  the  microscopical  preparations.    We  found  that  a 
few  drops  of  5  per  cent,  formalin,  mixed  with  the  water  on  the  slide, 
^would  kill  the  unsheathed  nematodes,  while  the  mature  hookworm 
larvae,  both  sheathed  and  unsheathed,  would  remain  active  for  some 
"time.     It  was  not  enougrh,  however,  after  such  treatment  merely  to 
count  the  actively  moving  worms,  since  the  unsheathed  hookworm 
larvae  soon  quieted  down,  and  sheathed  larvae  of  other  kinds  were 
often  present  which  remained  active.    Since  mature  unsheathed  hook- 
'^rorm  larvae  were  found  in  large  numbers  in  {^oil,  both  under  natural 
^nd  experimental  conditions  (see  Cort,  et  al.,  1922),  it  was  necessary 
to  learn  to.  identify  accurately  both  the  sheathed  and  unsheathed 
forms.     The  maturie  hookworm  larvae,  both  before  and  after  losing 
"their  sheath,  can  be  definitely  distinguished  from  all  the  other  kinds  of 
^riematodes  which  have  been  present  in  the  soil  samples.*    They  show 
oonsiderable  variation  in  size,  but  their  structure  and  movements  are 
Ciharaeteristic.    The  points  of  structure  which  were  found  most  helpful 
ill  identifying  mature  hookworm  larvae  were  (1)  the  shape  and  rela- 
tive length  of  the  esopliajrus,  (2)  tlio  general  nhapo  of  the  body,  (']^ 
the  position  of  the  anus  and  shape  of  the  tail,  (4)  the  characteristic 
buccal  cavity,  (5)  the  small  size  of  the  reproductive  primordium,  and 
C6)   the  peculiar  refractivity  of  the  cells  of  the  intestinal  wall  which 
g^ives  these  worms  a  color  and  sheen  different  from  any  of  the  other 
xiematodes  found.    Besides,  the  movements  of  both  the  sheathed  and 
Unsheathed  hookworm  larvae  are  very  characteristic.     We  found  it 
helpful  at  first  to  keep  constantly  at  hand  preparations  of  hookworm 
larvae  from  cultures,  to  compare  with  doubtful  forms  from  the  soil 
samples.    Later,  however,  we  became  so  well  acquainted  with  hook- 
worm larvae  that  there  was  no  further  difficulty  in  making  the  distinc- 
tion.    The  difficulty  which  certain  observers  seem  to  have  encountered 
in  distinguishing  hookworm  larvae  from  other  nematodes  can  easily 
be  obviated  by  a  sufficient  study  of  their  structure  and  movements, 
before  taking  up  work  requiring  indentification. 

*  Since  Ancylostoma  duodenale  is  very  rare  in  Trinidad  we  can  assume  that  the 
.    great  majority  of  the  hookworm  larvae  found  belonged  to  Necator  americanus. 
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Methods  op  cui/turing  human  peces  to  secure  hookworm  larvae. 

By  the  technic  described  above  almost  a  thousand  soil  samples,  botH 
from  the  field  and  from  experiments,  were  examined  for  mature  hook- 
worm larvae  during  the  investigations  of  our  expedition  in  Trinidad. 
In  order  to  determine  the  accuracy  of  the  isolating  apparatus  with 
different  types  of  soil  and  to  discover  the  conditions  under  which  it 
worked  best,  a  number  of  experiments  were  performed  on  soil  samples 
containing  known  numbers  of  mature  hookworm  larvae.     For  these 
and  other  experiments  it  was  necessary  to  have  available  large  num- 
bers   of   mature   hookworm   larvae.      The   method   by    which   such 
large  numbers  of  these  larvae  were  obtained  in  condition  suitable  for 
use  may  be  of  help  to  others  undertaking  similar  investigations  so  that 
they  will  be  described  briefly  at  this  place. 

It  was  possible,  in  the  locality  where  the  work  was  carried  on,  to 
obtain  feces  from  individuals  heavily  infested  with  hookworms  in 
sufficient  quantity  for  all  purposes,  therefore  the  chief  problem  which 
presented  itself  was  the  finding  of  a  satisfactory  method  of  culture. 
At  first  the  cultures  were  all  made  with  animal  charcoal  (bone-black), 
according  to  Looss's  method,  in  Petri  dishes  or  large  soup  plates.  This 
method  proved  unsatisfactory.  The  culture  mass  was  invaded  by  fly 
larvae,  especially  those  of  small  fruit,  flies,  and  in  many  cases  was 
spread  all  around 'in  the  dishes.  In  some  of  the  Petri  dishes  the 
wanderings  of  the  fly  larvae  sealed  the  dishes  and  kept  out  suflScient 
air  for  the  development  of  the  hookworm  larvae.  Also,  the  breaking 
up  of  the  cultures  by  the  fly  larvae,  both  in  the  Petri  dishes  and  soup 
plates,  often  made  it  impossible  to  wash  the  hookworm  larvae  out  inta 
water,  without  mixing  in  quantities  of  bone-black.  Further,  the  mak- 
ing up  of  a  suflScient  number  of  bone-black  cultures  to  obtain  the 
large  numbers  of  larvae  needed  in  the  work  proved  to  be  a  disagree- 
able, tedious  and  time-consuming  process.  After  the  work  had  pro- 
gressed suflfioiently  to  show  the  difficulties  of  the  bone-black  cultures, 
one  of  us  (Ackert)  devised  a  much  more  satisfactory  method  of  ob- 
taining the  larvae  needed.  This  method  can  only  be  used  in  connection 
with  some  such  isolating  apparatus  as  that  just  described.  It  is  much 
less  time  consuming  than  the  bone-black  culture,  and  yielded  a  much 
surer  supply  of  hookworm  larvae.  As  a  culture  medium,  soil  from 
the  yard  back  of  the  laboratory  was  used.  This  soil  was  first  heated 
to  a  temperature  of  150*^  P.,  to  insure  the  killing  of  all  nematodes, 
and  was  placed  to  the  depth  of  about  two  inches  in  shallow  tin  pans. 
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eleven  inches  in  diameter,  with  holes  punched  in  their  bottoms  to  per- 
mit drainage.  To  make  the  culture  the  stool  was  spread  out  in  a  layer 
about  one  fourth  of  an  inch  in  thickness  on  the  surface  of  the  soil  in 
the  pan  and  covered  with  about  1  mm.  of  wooci  or  charcoal  ashes. 
The  sprinkling  of  ashes  over  the  stool  inhibits  the  growth  of  mould  and 
also  prevents  the  formation  of  a  hard  crust.  These  cultures  should 
be  kept  in  a  screened  place,  protected  from  rats  and  other  animals, 
and  must  be  kept  well  moistened.  Under  the  conditions  in  Trinidad 
the  hookworm  larvae  reach  maturity  in  five  days.  To  isolate  the 
mature  larvae  the  top  one  half  inch  of  the  culture  is  scraped  off  and 
placed  in  the  isolating  apparatus.  Under  tropical  conditions  only, 
feces  which  have  not  become  contaminated  with  free-living  nematodes 
are  satisfactory  for  culture  purposes,  because,  if  the  free-living  nema- 
todes get  started  in  the  cultures,  they  develop  with  such  rapidity  that 
the  hookworm  larvae  either  fail  to  develop  in  large  numbers  or  are 
difficult  to  use.  The  soil-ashes  method  of  culturing,  if  rightly  handled, 
will  jdeld  an  abundance  of  hookworm  larvae.  In  one  month  we  made 
26  of  these  cultures  which  yielded  a  total  of  over  86,500  mature  hook- 
worm larvae.  Four  cultures  yielded  more  than  3,000  larvae  each.  Six 
of  the  twenty-six  cultures  were  unsatisfactory,  producing  less  than 
200  larvae.  This  method  was  certainly  employed  much  more  advan- 
tageously than  the  animal -charcoal  culture  method,  since  it  took  much 
less  time  to  prepare  the  material  and  yielded  a  much  higher  percentage 
of  successful  cultures. 

Standardization  experiments  on  the  isolating  apparatus. 

Baermann  (1917  a)  performed  a  series  of  tliirteen  experiments  to 
test  the  accuracy  of  the  isolating  apparatus  which  he  devised.  In  his 
early  experiments  he  used  a  sieve  7.5  em.  in  diamter  and  3.5  cm. 
in  height,  placed  in  a  small  funnel,  and  studied  the  results  obtained  in 
attempting  to  isolate  larvae  from  small  amounts  of  soil  (50  cc.  to  100 
cc).  He  later  used  a  much  larger  sieve  and  funnel  for  the  examina- 
tion of  the  samples  taken  from  the  field  with,  as  he  states,  uniformly 
vsatisfactory  results  (Baermann,  1917  b).  The  results  of  his  experi- 
ments with  the  small  apparatus  were  very  satisfactory.  In  one  case 
he  was  able  to  recover  seven  out  of  eight  larvae  placed  in  the  soil. 
Baermann  further  found  that  the  mature  hookworm  larvae  travel 
through  the  loose  soil  in  the  sieves  at  the  rate  of  1  cm.  in  two  minutes, 
and  that  they  fall  through  the  water  in  the  funnel  at  the  rate  of 
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1  cm.  per  second.  In  one  of  his  experiments  the  larvae  began  to  ap- 
pear at  the  bottom  of  the  rubber  tube  in  three  minutes  after  the  ex- 
periment was  set  up,  and  the  majority  were  recovered  in  half  an  hour. 
He  also  found  that  it  was  difficult  to  isolate  the  larvae  from  compact 
coherent  soil  unless  sufficient  water  was  present  to  immerse  the  soil 
and  cause  it  to  crumble. 

We  found  it  necessary  to  carry  the  standardization  of  the  isolating 
apparatus  much  farther  than  Baennann  did,  and  are  able  to  add  a 
number  of  points  to  the  important  findings  which  he  recorded.  At  the 
beginning  of  the  work  in  Trinidad  two  of  us  (Cort  and  Augustine)  be- 
gan a  series  of  experiments  to  determine  the  accuracy  of  the  appa- 
ratus. Although  tlie  apparatus  we  used  conformed  as  closely  as 
possible  to  that  described  by  Baermann,  and  although  we  had  obtained 
some  fairly  satisfactory  results  in  Baltimore,  the  early  experiments 
gave  such  variable  results  that  they  were  uniformly  unsatisfactory. 
Finally  one  of  us  (Payne)  attempted  to  stimulate  the  larvae  in  the 
soil  samples  to  greater  activity  by  the  use  of  warm  water.  The  higher 
percentage  of  larvae  which  she  obtained  led  to  experimentation  along 
this  line  with  satisfactorv  results.  We  have  since  found  that  when  the 
temperature  of  the  water  used  in  the  funnels  is  lower  or  only  slightly 
above  that  of  the  soil  the  percentage  of  larvae  isolated  is  very  low 
(see  Table  I).  This  explains  the  unsatisfactory  results  of  our  first 
experiment,  since  the  water  was  often  used  directly  from  a  cistern 
and  was  about  2^  F.  below  the  temperature  of  the  soil.  Baermann 
makes  no  mention  of  the  temperature  of  the  water  used  in  his  experi- 
ments and  subsequent  soil  examinations.  Our  results  indicate  that  he 
must  have  been  using  water  appreciably  warmer  than  the  soil  to  obtain 
the  satisfactory  results  which  he  reported. 

We  will  record  here  the  results  of  the  experiments  performed, 
after  the  apparatus  was  working  satisfactorily,  to  test  the  influence 
of  the  temperature  of  the  water,  the  type  of  soil  and  the  degree  of 
moisture  of  the  soil  on  the  accuracy  of  the  results.  We  also  performed 
experiments  to  test  the  amount  of  time  needed  for  the  larvae  to  escape 
from  the  soil  into  the  water. 

Table  I  gives  the  results  of  a  series  of  experiments  performed  by 
two  of  us  (Ackert  and  Cort)  to  determine  the  accuracy  of  the  large 
isolating  apparatus  with  clay  loam  soil,  with  different  degrees  of 
moisture  and  with  the  water  in  the  funnels  at  different  temperatures. 
The  soil  used  was  taken  near  our  laboratory  and  was  the  common  type 
found  in  enltivated  areas  in  the  part  of  Trinidad  where  we  were  work- 
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ing.  The  technic  of  handling  the  apparatus  in  these  experiments  was 
the  same  as  that  described  earlier  in  this  paper.  The  amount  of  dirt 
used  was  one  pint,  which  was  broken  up  uniformly  and  spread  out 
evenly  in  the  sieves.  The  larvae  were  counted  on  slides  and  washed 
onto  the  upper  surface  of  the  soil  in  the  sieves.  This  necessitated  their 
migration  through  the  whole  depth  of  the  soil  in  the  sieves,  making 
the  conditions  more  difficult  than  in  the  samples  taken  from  the  field. 
The  soil  was  either  moist  or  saturated.  The  temperature  of  the  water 
was  taken  just  before  the  sieves  were  placed  in  the  funnels.  Several 
significant  points  are  brought  out  by  Table  I.  In  the  first  place  it 
shows  that  under  favorable  conditions  with  the  large  isolating  appara- 
tus at  least  50  per  cent,  of  the  larvae  present  will  be  regularly  re- 
covered. Further,  it  is  clearly  shown  that  to  obtain  satisfactory  re- 
sults the  temperature  of  the  water  must  be  at  least  10°  P.  higher  than 
that  of  the  soil  (Table  I,  c  and  d).    In  the  next  place  an  examination 
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(h)   Temperature  of  soil  80"*  F.     Temperature  of  water  90""  F, 
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Gtble  I,  a,  b  and  d  shows  that  the  average  percentage  of  larvae 
t;ed  was  constantly  less  from  saturated  than  from  moist  soil.  This 
>  is  also  shown  in  Table  V  and  in  Table  II  where  it  can  be  seen 
the  percentage  from  saturated  clay  was  uniformly  low. 


TABLE  II. 

PEECENT-VGE    op    FUiCOY?:RIES    FROM    DIFFERENT    TYPES    OP    SOIL. 
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'able  II  shows  the  effect  of  different  types  of  soil  on  the  per- 
^ge  of  larvae  isolated.  Test  numbers  1  to  15  are  the  results  of  an 
rtment  (by  Augustine)  to  compare  the  percentage  of  recoveries  in 
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three  diflferent  types  of  soil,  treated  in  exactly  the  same  way,  and  using 
larvae  from  the  same  culture.  The  clay  loam  was  the  same  soil  used 
in  Table  I,  the  sand  was  a  coarse  red  sand  and  the  clay  sand  was  a 
very  finely  divided  sand  and  clay  mixture.  The  low  percentage  of 
recoveries  from  the  clay  sand  indicates  that  when  the  particles  of  soil 
are  very  fine,  so  that  they  pack  closely  together,  the  escape  of  the 
larvae  into  the  water  is  inhibited.  Test  numbers  10  to  19  of  Table  II 
also  give  a  comparison  of  the  recoveries  from  clay  loam  and  sand  ob- 
tained in  a  different  series  of  experiments  (by  Augustine).  The  per- 
centage of  larvae  isolated  here  is  very  high,  perhaps  because  only  2  oz. 
of  soil  were  used,  but  no  differences  can  be  noted  between  the  clay  loam 
and  the  sand,  which  in  this  ease  was  also  coarse.  Test  numbers  20  to 
30  of  Table  II  were  controls  used  in  the  course  of  examinations  from 
the  field  (by  Cort).  The  low  percentage  of  recoveries  from  saturated 
clay  supports  the  view  expressed  in  regard  to  the  clay  sand,  because 
the  particles  of  the  clay  were  so  finely  divided  that,  when  saturated, 
they  became  closely  packed,  reducing  greatly  the  spaces  in  the  soil. 
That  the  texture  of  the  soil  is  an  important  factor  in  the  percentage 
of  larvae  which  can  be  isolated  is  shown  clearly  by  the  series  of  ex- 
periments (by  Payne)  in  Table  III.  This  table  shows  that  the  mixing 
of  coarse  gravel  with  soil  increases  very  appreciably  the  percentage  of 
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TABLE  III. 

The  effect  of  mixing  (  oar.se  (jravel  with  soil  on  the  percentage  op  laevab 

recovered. 
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20 
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larvae  that  can  be  isolated  from  it,  and  indicates  that,  when  dealing 
with  very  finely  divided  soil  in  field  samples,  the  mixing  in  of  sterilized 
coarse  soil  or  gravel  would  be  advantageous 
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In  Table  IV  are  given  the  results  of  the  isolation  of  larvae  from 
a  series  of  migration  experiments  (by  Augustine).  These  tests  differ 
from  those  previously  recorded  in  that  the  larvae  had  lived  in  the 


TABLE  IV. 

Percentage  op  recoveries  of  larvae  which  had  been  in  soil  froic  15  hrs.  to 
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soil  for  periods  varying  from  15  hours  to  11  days  before  being  placed 
in  the  apparatus.  The  higher  percentage  of  larvae  recovered  in  these 
experiments  is  probably  due  both  to  the  use  of  smaller  quantities  of 
soil  and  to  the  fact  that  the  larvae  had  a  shorter  distance  to  migrate. 
In  some  of  these  cases  it  was  known  that  the  hookworm  larvae  were 
on  the  surface,  and,  therefore,  this  part  of  the  soil  sample  was  put  into 
the  sieve  first.  This  shows  that  in  experimental  work  it  may  be  pos- 
sible to  increase  -the  percentage  of  larvae  which  can  be  isolated  by 
careful  handling  of  the  soil. 

The  experiments  shown  in  Table  Y  (by  Payne)  give  an  idea  of  the 
length  of  time  it  takes  for  larvae  to  pass  through  the  isolating  appara- 
tus. The  data  in  this  table  show  that,  while  the  great  majority  of 
the  larvae  which  can  be  recovered  pass  into  the  water  within  six 
hours,  there  is  an  appreciable  number  which  can  be  recovered  only 
after  a  longer  period.  It  is  significant  to  note  that  a  larger  percentage 
of  the  larvae  come  out  of  saturated  soil  between  six  and  twenty-four 
hours  than  from  the  moist  soil.     It  is  possible  that  if  the  saturated 
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soil  were  left  for  a  still  longer  period,  the  percentage  of  larvae  isolated 
would  be  increased. 

TABLE  V. 

Experiment  to  test  the  time  or  passage  or  larvae  throuoh  isolating  ap- 
paratus.   Soil:  Clay  loam  at  room  temp.    Water  at  115"  F. 

A.  Sod  moist. 


Test 
No. 


1. 

2. 
3. 
4. 


Tyj. 

appa- 
ratuB. 


large 
small 


(t 


Amt. 

of 

soil. 


Ipt. 
J^pt. 


Larvae  recovered  after 


.24hrB. 


No. 

% 

6 

"4^3" 

5 

4.4 

2 

1.9 

3 

3.6 

Total 
No. 


69 
90 
59 
73 


Per- 

cent- 

afe. 


49.2 
79.6 
55.6 
87.9 


B.  SoU  saturated. 


5. 
6. 

7. 
8. 


large  ,    1  pt. 
small     J/^  pt. 


u 


tl 


124 

8 

6.4 

17 

13.7 

6 

105 

3 

2.8 

19 

18.1 

9 

111 

1 

0.9 

15 

13.5 

6 

93 

8 

8.6 

12  12.9 

10 

4.8     17 

8.6;   15 

5.4  I   17 

10.8  !   12 


13.7 

48 

14.3 

46 

15.3 

39 

12.9 

42 

38.6 
43.8 
35.1 
45.2 


The  series  of  experiments  just  described  serves  as  a  control  on  the 
examination  of  soil  samples  from  the  field  where  the  number  of  larvae 
was  luiknown,  gives  some  idea  of  the  limitations  of  the  isolating  appara- 
tus, and  indicates  in  a  general  way  the  method  by  which  it  works.  A 
number  of  points  are  still  not  clear.  Just  what  causes  the  larvae  to 
come  out  of  the  soil  into  the  water  is  still  unknown.  If  it  were  an 
attraction  to  moisture  they  would  come  out  into  water  of  about  the 
same  temperature  as  the  soil  as  readily  as  into  warmer  water  and 
would  make  their  escape  quickly,  before  the  whole  mass  of  the  soil 
becomes  uniformly  moistened.  That  the  escape  is  a  direct  reaction 
to  the  higher  temperature  of  the  water  seems  impossible,  because  in  a 
very  short  time  the  whole  soil  in  the  sieve  becomes  of  the  same  tem- 
perature as  the  water,  and  even  after  six  hours  a  number  of  larvae  will 
escape.  Since  the  percentage  of  larvae  which  can  be  isolated  is  much 
greater  in  porous  than  in  very  compact  soil,  it  is  possible  as  suggested 
by  one  of  us  (Payne)  that  the  larvae,  stimulated  to  activity  by  the 
warmth  and  aided  by  the  currents,  escape  by  falling  through  the 
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water-filled  spaces  of  the  soil.  Be  that  as  it  may,  the  important  point 
is  that  the  apparatus  really  works,  and  makes  it  possible  to  isolate 
a  considerable  percentage  of  the  larvae  present,  even  from  a  rather 
large  volume  of  soil. 

Uses  op  the  isolu\ting  apparatus  in  investigations  and  hookworm 

control  work. 

The  apparatus  which  has  just  been  described  was  utilized  in  every 
phase  of  the  researches  carried  out  in  Trinidad  during  the  past  sum- 
mer. In  the  field  investigations  its  use  made  possible  the  examination 
of  large  numbers  of  soil  samples  from  various  situations,  in  areas 
where  hookworm  disease  was  prevalent,  to  determine  the  exact  sources 
of  infestation  of  the  people.  It  also  made  it  possible  to  follow 
the  reduction  of  soil  infectivity  after  the  elimination  of  soil  pollution. 
In  the  experimental  work  it  was  used  in  the  study  of  the  conditions 
under  which  the  hookworm  eggs  can  develop,  and  has  made  it  possible 
to  determine  the  extent  of  the  migrations  of  the  larvae  in  different 
situations.  It  was  also  utilized  in  studying  the  rate  of  unsheathing 
and  the  length  of  time  the  larvae  can  live  in  different  soils.  The 
uses  made  of  this  apparatus  by  Baermann  and  by  our  expedition 
suggest  a  wide  range  of  possibilities  in  the  study  of  hookworm  larvae, 
both  in  the  field  and  in  laboratory  experimentation.  Further,  it  might 
be  used  in  the  study  of  free-living  nematodes,  and  might  be  of  prac- 
tical help  in  investigations  on  the  soil  stages  of  nematodes  parasitic  on 
plants.  The  use  of  the  isolating  apparatus  will  also  make  possible 
advances  in  the  knowledge  of  all  parasitic  nematodes  which  have  a 
free-living  stage,  such  as  Strongyloides  stercoralis  and  the  Strongy- 
lidae  of  domesticated  animals.  Aside  from  the  value  of  this  apparatus 
in  investigations,  it  can  be  successfully  utilized,  as  shown  by  Baer- 
mann's  work,  in  connection  with  campaigns  for  the  control  of  hook- 
worm disease,  in  locating  and  evaluating  the  sources  of  infestation  of 
the  people,  and  in  discovering  the  sources  of  reinfestation  after  the 
completion  of  a  piece  of  work. 

Summary. 

1.  The  apparatus  for  isolating  hookworm  larvae  from  soil,-  de- 
scribed in  this  paper  and  shown  in  Figs.  1  and  2,  which  is  similar  to 
an  apparatus  devised  by  Baermann,  makes  it  possible  to  isolate  hook- 
worm larvae  from  considerable  quantities  of  soil. 
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2.  It  is  possible  to  distinguish  mature  hookworm  larvae,  both 
sheathed,  and  unsheathed,  from  other  nematodes  •  found  in  soil,  by 
their  characteristic  structure  and  movement. 

3.  For  experiments  with  the  isolating  apparatus  mature  hookworm 
larvae  were  obtained  by  spreading  feces  containing  hookworm  eggs  on 
soil  in  large  pans  and  covering  this  with  a  thin  layer  of  ashes. 

4.  Experiments  to  standardize  the  isolating  apparatus  showed  (1) 
that  to  isolate  a  satisfactory  percentage  of  the  larvae  the  water  must 
be  at  least  10°  P.  warmer  than  the  soil,  (2)  that  a  slightly  higher 
percentage  of  larvae  can  be  isolated  from  moist  than  saturated  soil, 
(3)  that  in  soil  with  very  finely  divided  particles  the  percentage  of 
larvae  which  can  be  isolated  is  less  than  in  coarser  soils,  and  (4)  that 
while  most  of  the  larvae  escape  from  the  soil  into  the  water,  in  the 
first  six  hours,  an  appreciable  number  come  out  after  this  time. 

5.  It  is  probable  that  the  passage  of  the  larvae  from  the  soil  to  the 
water  is  not  a  reaction  to  moisture  or  a  higher  temperature,  but  is 
brought  about  by  the  active  larvae  falling  through  spaces  in  the  soil 
until  they  reach  the  water. 

6.  The  isolating  apparatus  makes  possible  the  study  of  soil  nema- 
todes, both  free  living  and  the  larvae  of  parasitic  species,  in  their 
natural  environment,  and  can  be  utilized  in  investigating  the  sources 
of  human  infestation  in  hookworm  control  work. 
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INVESTIGATIONS  ON  THE  CONTROL  OF  HOOKWORM 

DISEASE. 

III.  A  Discussion  op  the  Finding  of  Unsheathed  Hookworm 

Larvae  in  the  Soilt.* 

By  WILLIAM  W.  CORT,  Ph.D.,  DONALD  L.  AUGUSTINE,  B.S.,  JAMES  E. 
ACKERT,  Ph.D.,  FLORENCE  KING  PAYNE,  M.D.,  and 

GEORGE  C.  PAYNE,  M.D. 

(Received  for  publication,  September  20,  1921.) 

Loess  (1911,  p.  429)  makes  the  following  statement  in  his  mono- 
graph on  the  hookworm :  *  *  During  the  rest  of  their  free  existence, 
the  mature  larvae  are  surrounded  by  the  detached  skin  of  the  second 
larval  stage,  which  acts  as  a  protective  envelope.  It  is  thrown  off  in 
the  normal  course  of  events  when  the  worms  pass  into  a  suitable  host 
and  thus  enter  the  third  stage  of  their  life."  These  two  sentences 
sum  up  the  conception  which  dominates  our  present  ideas  of  the  life  of 
infective  hookworm  larvae.  In  fact  the  terms  '*  encysted,"  '*  encap- 
suled  "  or  "sheathed"  larvae  are  commonly  used  as  synonyms  of 
infective  larvae.  Accepting  this  conception,  we  were  surprised  to  find 
that  it  is  a  common  occurrence  for  mature  hookworm  larvae  to  loose 
their  sheaths  in  soil,  and  that  such  unsheathed  larvae  are  able  to  con- 
tinue their  lives  and  are  probably  infective.  On  account  of  the  far- 
reaching  significance  of  this  finding  and  because  it  forms  a  part  ot 
the  data  and  conclusions  of  the  investigations  of  all  the  members  ot 
our  expedition,  we  decided  to  publish  the  present  paper  jointly. 

The  fact  that  infective  hookworm  larvae  may  become  unsheathed 
under  certain  conditions  was  first  noted  by  Leichtenstern  (1887). 
Other  authors  who  reported  this  phenomenon  were  Lambinet  (1902), 
Herman  (1905),  and  Looss  (1911).  As  Looss  (1911,  pp.  429-436)  has 
discussed  in  detail  the  findings  of  these  authors,  it  will  not  be  neces- 
sary to  consider  them  further  here.     All  of  these  invesigators  were 

•  This  paper  is  the  third  of  the  peries  on  the  hookworm  investigations  by  the 
Department  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health,  Johns  Hop- 
kiiiA  University,  carried  on  with  the  cooperation  of  the  International  Health  Board, 
Rockefeller  Foandation. 
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SO  influenced  by  the  idea  that  the  infective  hookworm  larvae  live 
normally  enclosed  in  sheaths  that  they  considered  their  findings  as 
representing  abnormal  conditions.  More  recently  Baermann  (1917, 
624)  noted  the  presence  of  unsheathed  forms  amongst  larvae 
which  he  isolated  from  samples  of  soil.  He  apparently  experienced 
difficulty  in  identifying  such  unsheathed  larvae  as  young  ho<Awonns, 
and  ascribed  the  loss  of  the  sheath  to  the  effect  of  the  passage  through 
the  isolating  apparatus,  which  he  used. 

The  first  intimation  that  infective  hookworm  larvae  might  loose 
their  sheaths  in  soil  came  early  in  our  work,  when  one  of  us  (Augus- 
tine) found  in  one  of  his  experiments  that  some  larvae  which  had  been 
placed  in  the  soil  came  to  the  surface  without  their  sheaths.  Follow- 
ing this  discovery  similar  findings  were  made  in  quick  successicm  in 
all  of  our  experiments  and  in  the  samples  from  the  field.  The  data 
given  below,  taken  from  our  studies  in  Trinidad,  show  that  a  large 
percentage  of  hookworm  larvae  complete  their  second  moult  in  the 
soil  and  live  in  the  unsheathed  condition. 

In  connection  with  some  studies  (by  Cort  and  Payne)  which  will 
be  included  as  later  numbers  of  this  series,  a  large  number  of  samples 
of  soil  were  examined  for  hookworm  larvae.  In  a  series  of  samples 
taken  from  a  cacao  grove,  where  concentrated  centers  of  soil  pollution 
occurred,  the  sheathed  and  unsheathed  larvae  of  twenty-four  samples 
were  counted.  Out  of  a  total  of  2,159  infective  hookworm  larvae 
isolated  from  these  samples,  1,806  were  sheathed  and  353  unsheathed, 
or  83.6  per  cent,  sheathed  and  16.4  per  cent,  unsheathed.  The  con- 
siderably higher  percentage  of  sheathed  larvae  found  in  this  series 
is  partly  explained  by  the  findings  from  one  soil  sample,  from  which 
was  obtained  a  total  of  1,802  sheathed  and  28  unsheathed  hookworm 
larvae. 

Much  more  striking  were  the  findings  from  a  large  series  of  soil 
samples  taken  from  a  highly  polluted  area  in  a  sugar  cane  field.  In 
108  positive  soil  samples  from  this  area,  the  number  of  infective  hook- 
worm larvae  per  sample  varied  from  1  to  937.  Out  of  a  total  of  4,265 
hookworm  larvae  isolated  from  these  samples,  1,793  were  sheathed  and 
2,471  unsheathed  or  42  per  cent,  sheathed  and  58  per  cent,  unsheathed. 
These  soil  samples  were  taken  from  two  tjrpes  of  localities,  the  first 
type  at  regular  intervals  along  the  drains,  and  the  second  between  the 
rows  of  cane,  at  places  where  pollution  was  known  to  have  occurred. 
Although  stools  were  occasionally  found  in  the  drains,  the  samples 
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were  not  taken  at  definite  polluted  spots  as  were  those  from  between 
the  rows,  and  they  were  therefore  not  so  directly  related  to  the  points 
of  pollution.  Further  the  small  numbers  of  larvae  obtained  from  the 
drain  samples  and  their  almost  uniform  distribution  along  the  drains 
suggested  that  these  larvae  were  some  distance  from  the  point  of  de- 
velopment. With  this  in  mind,  it  is  interesting  to  make  a  comparison 
between  the  percentages  of  unsheathed  larvae  from  these  two  sit- 
uations. In  the  drains,  in  39  positive  samples,  there  were  found  698- 
mature  hookworm  larvae  of  which  135  were  sheathed  and  563  un- 
sheathed or  19.3  per  cent,  sheathed  and  80.7  per  cent,  unsheathed. 
Prom  the  69  positive  samples  taken  from  polluted  spots  between  the 
rows  3,567  mature  hookworm  larvae  were  isolated.  Of  these  1,658  were- 
sheathed  and  1,909  unsheathed,  or  46.5  per  cent,  sheathed  and  53.5- 
per  cent,  unsheathed.  The  higher  percentage  of  unsheathed  larvae  in 
the  drains  may  perhaps  be  related  to  the  fact  noted  above  that  the 
samples  were  not  taken  at  centers  of  pollution,  and  therefore  that 
larvae  were  probably  farther  away  from  the  places  where  they  de- 
veloped, and  perhaps  on  the  average  older  than  those  taken  from  the 
other  situation. 

TABLE  T. 
Data  on  unsheathing  of  hookworm  larvae  in  migration  experiments. 


No. 
of 
ex- 
peri- 
ment. 


Origii 


_  nal 
Dumber 

of 

sheat'd 

larvae. 


I.. 

2.. 
3.. 

4.. 

0. . 

6.. 

7..- 


Age  of  ciil- 

ture  from 

which 

larvae 

were 

obtained. 


Type  of 
soil  used. 


1,000 
512 
526 
1,300 
1,300 
1,000 
1,000 


5  days 
5  days 
5-6  days 
8  days 
8  days 
7  days 
7  days 


MoLst  black  clay  loam 
MoLst  black  clay  loam 
Moist  red  clay  loam 
Moist  sand 
Saturated  sand 
Moist  black  clay  loam 
Moist  black  clay  loam 


Time 

that 

larvae 

remained 

in  soil. 


Num- 

Num- 

Per- 

Per- 

ber of 

ber  of 

centage 

centage 

sheat'd 

I     un- 

of 

of  un- 

larvae 

1  sheat'd 

sheat'd 

sheat'd 

recov- 

1 larvae 

larvae 

larvae 

ered. 

recov- 

recov- 

recov- 

ered. 

ered. 

ered. 

15  hrs. 
11  days 
15  hrs. 

7  days 

8  days 
7  days 
7  days 


164 

3 

30 

43 

57 

180 

245 


702 
234 
396 
332 
800 
141 
272 


18.9 
1.2 
8.3 

11.4 
6.6 

56.0 

47.3 


81.1 
98.8 
91.7 
88.6- 
93.4 
44.0 
52.7 


In  connection  with  a  series  of  experiments  on  the  migration  of 
mature  hookworm  larvae  in  various  types  of  soil  (by  Augustine) 
some  interesting  data  were  obtained  on  the  loss  of  the  sheath.  In 
these  experiments  sheathed  larvae,  five  to  eight  days  old,  were  placed 
in  an  area  one  inch  in  diameter  at  the  center  of  the  surface  of  soil 
which  was  spread  out  to  the  depth  of  1.5  cm.  in  thirteen-inch  pans. 
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This  soil  was  later  divided  into  zones  and  placed  in  the  isolating 
apparatus,  for  the  removal  of  the  larvae.  The  complete  results 
of  these  and  similar  experiments  on  migration  will  be  given  in  a  latei 
number  of  this  series.  In  the  present  paper  we  are  interested  in  the 
fact  that  young  sheathed  larvae  were  placed  in  these  pans,  and  aftei 
periods  of  time  varying  from  15  hours  to  11  days  a  high  percentage 
of  unsheathed  larvae  was  recovered.  Table  I  gives  a  summary  of  these 
results. 

These  experiments  were  performed  in  the  laboratory,  the  surface 
of  the  soil  in  the  pans  being  sprinkled  every  day.  It  will  be  seen  from 
Table  I  that  a  high  percentage  of  unsheathed  larvae  was  obtained, 
even  when  the  matured  hookworm  larvae  had  been  in  the  soil  only  15 
hours.  Since  different  types  of  soil  were  used  this  series  indicates 
that  the  loss  of  the  sheath  does  not  depend  on  any  particular  type  of 
soil.  In  connection  with  these  experiments  microscopic  examinations 
were  made  directly  of  small  particles  of  soil  from  the  centers,  where 
the  larvae  had  been  placed.  On  one  piece  of  clay  loam  two  active 
unsheathed  hookworm  larvae  were  found  and  one  empty  sheath, 
which  had  its  anterior  part  imbedded  in  soil.  Anotiier  direct  ex- 
amination was  made  of  a  small  particle  of  sand.  On  tiiis  were  found 
six  active  unsheathed  larvae  and  three  empty  sheaths. 

Another  series  of  experiments  was  carried  out  by  one  of  us 
(Ackert),  giving  further  evidence  on  the  unsheathing  of  the  mature 
hookworm  larvae.  These  experiments  which  will  be  described  fully 
in  a  later  number  of  this  series  were  undertaken  to  study  the  con- 
ditions under  which  hookworm  eggs  will  hatch  and  develop.  Portions 
of  fresh  stools  from  individuals  heavily  infested  with  hookworms  were 
placed  in  soil  in  flower  pots.  These  flower  pots  were  then  placed 
out  of  doors,  where  they  were  subjected  both  to  sun  and  shade,  and 
wetting  from  rains  followed  by  partial  drying.  Table  II  includes  the 
data  from  these  experiments  which  relate  to  the  unsheathing  of  the 
larvae. 

The  conditions  in  these  experiments  are  more  like  those  in  nature 
than  in  the  former  series,  since  in  every  case  feces  containing  hook- 
worm eggs  were  used.  The  large  number  of  unsheathed  larvae  which 
were  isolated  add  to  the  evidence  that  the  loss  of  the  sheath  is  a 
common  phenomenon.  A  comparison  of  the  experiments  numbered 
XXVI,  XXVII,  XXVIII  and  XXIX  is  very  interesting.  In  these 
experiments  the  conditions  were  the  same,  except  that  the  last  two 
were  kept  four  days  longer  than  the  others.    The  additional  time  was 
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apparently  the  factor  which  caused  a  very  rapid  unsheathing.  A 
further  analysis  of  the  table  shows  that  no  difference  can  be  found 
in  the  percentages  of  unsheathed  larvae  between  those  experiments 
in  which  the  fecal  material  was  placed  on  the  surface  of  the  soil  and 
those  in  which  it  was  slightly  buried.  As  far  as  the  data  go  they 
seem  to  indicate  that  when  the  flower  pots  were  exposed  to  alternating 
sunlight  and  shade  there  was  a  greater  degree  of  unsheathing  than 
when  they  were  kept  in  the  shade.  A  comparison  of  experiments 
XVIII,  XXXV,  XXXVI  and  XXXVII,  which  were  kept  in  the  shade, 
with  others,  in  which  the  conditions  were  the  same  except  for  alternat- 
ing sunlight  and  shade  supports  this  view.  Perhaps  the  alternating 
sunlight  and  shade  with  the  partial  drying  of  the  soil  stimulated  the 
larvae  to  activities,  which  resulted  in  the  greater  degree  of  un- 
sheathing. 

In  a  series  of  experiments  performed  by  one  of  us  (Florence  King 
Payne),  to  test  the  distance  which  hookworm  larvae  can  migrate,  when 
buried  in  soil,  additional  data  were  obtained  on  the  unsheathing  of  the 
larvae.  Sheathed  larvae  were  placed  at  the  bottom  of  columns 
of  soil  of  various  heights,  and  later  this  soil  was  divided  into  zones, 
placed  in  the  isolating  apparatus,  and  the  hookworm  larvae  obtained 
counted.  The  soil  was  a  black  clay  loam.  Table  III  shows  the  per- 
centage of  sheathed  and  unsheathed  larvae  recovered  in  this  series  of 
experiments. 

It  is  shown  in  Table  III  that  when  sheathed  larvae  are  buried  in 
soil  for  periods  varying  from  two  to  ten  days,  a  considerable  per- 
centage of  them  lose  their  sheaths.  Further,  under  the  conditions  of 
these  experiments  the  percentage  of  unsheathed  larvae  increased  the 


TABLE  III. 
Findings  of  hookworm  larvae  from  spit  in  vertical  migration  experiments. 


Xo.  of  days  larvae  Total 

had  remained  number 

in  soil.              I  recovered. 

2  days 256 

3  days 26 

4  clays 1,505 

6  days 14 

7  days 418 

Sdays 271 

9  days 34 

10  days 30 


Number 
sheathed. 


129 

12 

767 

4 

126 

56 

17 

3 


Number 

Percent- 

Percent- 

un- 
sheathed. 

age 
sheathed. 

age  un- 
sheAthed. 

127 

50.4 

49.6 

14 

46.0 

54.0 

738 

50.8 

49.2 

10 

28.5 

71.5 

292 

30.1 

69.9 

215 

20.6 

79.4 

17 

50.0 

50.0 

27 

10.0 

90.0 

CONTROL  OP  HOOKWORM  DISEASE.  23 

longer  the  larvae  remained  in  the  soil.  Another  important  point 
was  shown  in  one  of  the  experiments  when,  after  four  days,  188 
larvae  were  recovered  which  had  migrated  vertically  between  5  and 
6  inches.  Of  these  larvae  140  were  sheathed  and  48  unsheathed,  or 
74.5  per  cent,  sheathed  and  25.5  per  cent,  unsheathed.  This  ob- 
servation is  significant  since  it  shows  that  the  larvae  do  not  necessarily 
lose  their  sheaths  while  migrating  through  clay  loam  soil. 

The  data  given  above  show  that  under  the  conditions  in  Trinidad, 
during  the  months  of  June,  July  and  August,  when  the  daily  range 
of  temperature  is  from  about  74°  to  94°  F.,  infective  hookworm  larvae 
very  commonly  lose  their  sheaths  in  soil  and  continue  to  live  actively. 

It  is  a  well-known  fact  that  the  mature  hookworm  larvae  are 
infective  while  still  enclosed  in  their  sheaths,  but  that  for  penetration 
into  their  host  they  must  break  out  of  their  sheaths  leaving  them  on 
the  surface  of  the  skin.  It  would  seem,  therefore,  that  active  larvae 
already  unsheathed  would  be  able  to  penetrate  the  skin  more  easily 
and  quickly  than  those  which  come  in  contact  with  the  surface  of  the 
skin  while  still  enclosed  in  their  sheaths.  That  unsheathed  mature 
hookworm  larvae  can  penetrate  mammalian  skin  was  shown  by  one 
of  us  (Augustine)  in  an  experiment  in  which  unsheathed  larvae  were 
observed  to  penetrate  the  skin  of  a  rat. 

The  cause  of  the  loss  of  sheath  and  the  exact  conditions  under 
which  it  occurs  are  not  clear  from  the  data  at  hand.  Baermann's 
idea,  that  the  finding  of  unsheathed  hookworm  larvae  in  his  examina- 
tions was  due  to  the  passage  through  the  isolating  apparatus,  cannot 
be  applied  to  our  findings.  We  have  often  found  in  our  controls  that 
some  unsheathing  does  occur  in  the  passage  through  the  soil  in  the 
sieves,  but  in  most  cases  practically  all  of  the  larvae  will  pass  through 
the  apparatus  without  losing  their  sheaths.  It  has  already  been  noted 
that  unsheathed  larvae  were  found  by  direct  microscopical  examina- 
tions of  small  particles  of  soil.  Further,  soil  samples  taken  from  the 
cane-field  and  treated  in  exactly  the  same  way  show  all  degrees  of 
variation  in  the  percentage  of  sheathed  and  unsheathed  larvae,  after 
passage  through  the  isolating  apparatus.  One  sample  yielded  1 
sheathed  and  247  unsheathed,  another  gave  407  sheathed  and  no  un- 
sheathed, while  other  samples  showed  all  gradations  between  these 
extremes. 

Few  observations  have  been  made  by  us  which  bear  on  the  cause 
of  the  loss  of  the  sheath,  and  the  conditions  under  which  this  loss 
occurs.    That  the  unsheathing  is  not  limited  to  any  particular  type  of 
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soil  is  shown  by  the  fact  that  it  occurs  in  clay,  clay  loam  and  sand. 
It  also  occurs  in  differing  conditions  of  moisture.  That  a  longer  time 
in  the  soil  seems  in  some  cases  to  increase  the  percentage  of  unsheatiied 
larvae  is  indicated  by  some  of  our  experiments,  and  yet  in  other 
cases  a  very  high  percentage  of  unsheathed  larvae  was  obtained  after 
only  15  hours  in  the  soil,  and  in  another  experiment  25  days  after 
feces  containing  eggs  had  been  placed  in  soil  large  numbers  of  sheathed, 
but  no  unsheathed  larvae  were  isolated.  Certain  experiments  show 
that  the  unsheathing  is  greater  where  the  soil  containing  the  larvae  is 
exposed  to  alternating  sunlight  and  shade,  than  when  it  is  kept  con- 
stantly in  the  shade.  This  might  indicate  that  conditions  which  in- 
crease the  activity  of  the  hookworm  larvae^  in  the  soil  tend  to  bring 
about  the  loss  of  the  sheath,  but  the  fact  already  cited,  that  larvae 
which  had  migrated  vertically  through  5  to  6  inches  of  clay  loam 
remained  sheathed,  shows  that  they  can  go  through  a  period  of  intense 
activity  completely  surrounded  by  soil,  and  still  retain  their  sheaths. 
Perhaps  further  investigations  on  the  rate  and  degree  of  unsheathing 
under  different  conditions  of  soil,  temperature  and  moisture  will  give 
an  explanation  of  the  cause  of  the  unsheathing  of  the  infective  hook- 
worm larvae  in  soil. 

As  stated  earlier  in  this  paper,  the  finding  that  the  loss  of  the 
sheath  is  a  common  process  in  infective  hookworm  larvae  in  the  soil 
necessitates  a  revision  of  many  ideas  in  regard  to  this  phase  of  the 
life-history  of  the  hookworm.  Most  of  the  knowledge  of  the  activities 
of  the  infective  hookworm  larvae  has  come  from  experiments  on  sheathed 
larvae,  studied  under  unnatural  conditions,  such  as  in  cultures,  in 
water,  or  before  they  have  left  the  fecal  mass,  where  they  develop.  Of 
what  actually  occurs  in  soil  little  is  known,  and  since  it  has  now  been 
discovered  that  a  very  large  percentage  of  hookworm  larvae  lives  in  the 
soil  without  any  protective  sheath,  it  would  seem  necessary  to  make  in- 
vestigations of  various  kinds  on  the  activities  and  relation  to  environ- 
ment of  the  unsheathed  larvae,  and  also  on  the  larvae  as  they  live  in 
the  soil  under  natural  conditions.  Such  investigations  on  a  compar- 
atively large  scale  are  made  possible  through  the  use  of  the  isolating 
apparatus  described  in  the  second  number  of  this  series  (Cort  et  al., 
1921).  That  studies  of  this  kind  will  give  some  results  quite  at  vari- 
ance with  present  ideas  is  shown  by  the  results  of  the  experiments 
carried  out  in  Trinidad,  which  will  be  given  in  the  succeeding  numbers 
of  this  series. 
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Summary. 


1.  Although  various  investigators  l^ve  reported  that  mature  hook- 
larvae  lose  their  sheaths  under  certain  conditions,  it  has  been  the 

opinion  that  they  live  normally  enclosed  in  sheaths. 

2.  It  was  found  that  in  a  series  of  soil  samples  examined  from 
places  polluted  by  people  infested  with  hookworms  a  large  proportion 

the  mature  larvae  were  without  sheath. 

3.  Also,  in  experiments  on  the  conditions  under  which  hookworm 
hatch  and  develop  and  on  the  migrations  of  the  infective  larvae, 

i'fc  was  found  that  in  soil  a  large  proportion  of  the  larvae  soon  became 
^:i.x3slieathed. 

4.  These  findings  suggest  that  it  is  a  common  thing  for  mature 
ii^c>olrworm  larvae  to  lose  their  sheaths  and  continue  to  live  in  soil. 

5.  Since  most  of  the  knowledge  of  the  activities  of  mature  hook- 
larvae  has  come  from  studies  on  sheathed  forms,  it  will  probably 

necessary  to  revise  many  of  our  ideas  on  the  life  of  infective  hook- 
larvae  in  the  soil. 


LITERATURE  CITED. 

^ANN,  G. 

1917.  Uber  Ankylostomiasis,  deren  Ausbreitungs-bedingungen  durch  die 
Bodeninfection  und  deren  Bekampfung.  Geneeskundig  Tijdsclirift 
voor  Nederlansch-Tndie  LVII,  579-669. 
T,  William  W.,  Ackert,  James  E.,  Augustine,  Donald,  L.,  and  Payne,  Flor- 
ence Kino. 
1921.  Investigations  on  the  control  of  hookworm  disease.  II.  The  descrip- 
tion of  an  apparatus  for  isolating  infective  hookworm  larvae  from 
Boil.    Am.  Jour.  ITyg.,  II,  1-16. 

MAN,  M. 

1905.     Note  sur  la  penetration  des  larves  de  1 '  ankylostome  duodenal  a  travers 
la  peau  humaine.    Bull.  Ac.  royale  M^d.  Belgique,  Bruzelles,  Stance 
du  25  mars.,  12. 
^iBlNET,  J. 

1902.  Recherches  sur  1'  action  du  sue  gastrique  renforc6  sur  les  larves  d' 
Ankjlostomesw    Bull.  Ac.  M^d.  Belgique,  Stance  due  22  fevrier. 

CHTENSTERN,  O. 

1887.     Einiges  uber  Ankylostoma  duodenale.     Deutsche  med.  Wochschr.  No. 
30,  669-672. 
^"^H)ss,  A. 

1911.  The  anatomy  and  life-history  of  Agchylostoma  duodenale,  Dub.  Part 
II.  The  development  in  the  free  state.  Ministry  of  Education, 
Egypt,  Records  of  the  School  of  Medicine,  IV,  163-613,  pis.  XI-XIX. 


INVESTIGATIONS  OX  THK  CONTROL  OF  HOOKWORM 

DISEASE 


Reprinted  from  The  American  Journal  of  Htoiene,  Vol.  II.,  No.  1,  January,  1922. 


INVESTIGATIONS  ON  THE  CONTROL  OF  HOOKWORM 

DISEASE. 

IV.  The  Relation  op  the  Domestic  Chicken  to  the  Spread  w 

Hookworm  Disease.* 

By  JAMES  E.  AOKEBT,  Ph.D. 
(Received  for  publication,  September  20,  1921.) 

Introduction. 

It  has  long  been  known  that  domestic  chickens  will  disseminate 
human  excrement,  and  as  early  as  1910  Dock  and  Bass  (p.  87)  ascer- 
tained that  hookworm  eggs  can  retain  their  viability  and  hatch  after 
passing  through  a  chicken 's  digestive  tract.  But  the  proportion  of 
hookworm  eggs  which  produce  infective  larvae  seems  to  be  wholly 
unknown.  As  chickens  usually  abound  in  regions  where  hookworm 
disease  is  prevalent,  it  is  important  to  determine  whether  they  are 

• 

a  real  factor  in  the  spread  of  the  disease.  An  opportunity  to  in- 
vestigate this  problem  in  Trinidad,  British  West  Indies,  where  over 
eighty  per  cent,  of  the  natives  are  infested  with  hookworm,  was  re- 
.  cently  afforded  me  by  the  International  Health  Board,  through  the 
efforts  of  Dr.  W^illiam  W.  Cort  and  Dr.  George  C.  Payne.  T  wish  at 
this  time  to  acknowledge  my  indebtedness  to  them  for  complete  co- 
operation and  many  helpful  suggestions,  and  also  to  my  other  col- 
leagues, Dr,  Florence  King  Payne,  and  Mr.  D.  L.  Augustine. 

Methods. 

For  this  and  other  experiments  a  private  dwelling  was  leased 
and  converted  into  a  field  laboratory.  As  the  house  was  built  on 
piles,  very  suitable  animal  quarters  were  afforded  underneath  it.  The 
investigations  were  begun   at  the  close  of  the  dry  season,  and  the 

*  This  paper  is  tlie  fourth  of  the  >orics  on  tho  hookworm  investigations  mJ''^ 
by  the  Department  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health,  SoW 
Hopkins  University,  with  the  Cooporatinn  of  the  International  Health  Board, Ro^l'^ 
feller  Foundation.  It  is  Contribution  No.  55  from  the  Department  of  Zoology- 
Agricultural  Experiment  Station,  Kansas  State  Agricultural  College. 
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t!lay-loam  soil  beneath  it  was  found  to  be  wholly  free  from  hookworm 
larvae  and  nearly  so  from  free-living  nematodes.  The  experiments 
were  facilitated  by  the  absence  from  the  premises  of  children  and  other 
irresponsible  persons  who  might  pollute  the  soil. 

For  the  chicken  experiments  two  pens  were  constructed,  a  large 
living  pen  and  a  small  one  for  the  recovery  of  feces.  The  small 
pen  was  equipped  with  a  woven  wire  platform  that  permitted  the 
feces  to  drop  upon  clean  paper.  To  ascertain  the  length  of  time  re- 
quired for  material  to  pass  through  the  chicken's  digestive  tract  two- 
filter  paper  capsules  of  animal  charcoal  and  feces  were  given  to  each 
fowl.  In  two  hours  and  forty  minutes  the  first  black  fecal  deposit 
appeared,  and  for  several  hours  all  droppings  showed  the  animal 
charcoal.  At  the  end  of  twenty  hours  after  the  feeding,  the  feces 
were  grayish,  showing  no  trace  of  the  animal  charcoal.  Consequently, 
in  the  quantitative  tests  the  feces  were  usually  recovered  for  at  least 
twenty  hours  after  the  feedings  were  made. 

As  chickens  carry  human  excrement  on  their  feet,  this  source  of* 
error  in  the  experiments  was  avoided  by  administering  the  feces  con- 
taining hookworm  eggs  to  the  chickens  in  filter  paper  capsules.    Thus^ 
any  hookworm  larvae  found  in  the  pens  could  have  come  only  from 
eggs  that  had  passed  through  the  digestive  tracts  of  the  fowls.     The' 
xeeovered  chicken  feces  containing  hookworm  eggs  were  cultured  in 
animal  charcoal  in  closed  Petri  dishes  and  soup  plates,  and  in  pre- 
viously heated  garden  soil  in  open  pans,  both  in  the  laboratory'  and 
out   of  doors.     The  garden  soil  as  a   culture  medium  worked  very 
satisfactorily  both  for  human  and   for  chicken  feces.     The  gradual 
heating  up  to  150°  F.  did  not  oxidize  the  organic  material,  but  killed 
all  nematodes,  both  sheathed  and  unsheathed.     The  feces  containing- 
"hookworm  eggs  were  placed  on  top  of  such  soil,  or  scratched  into 
the  surface,  approximating  natural  conditions.     After  allowing  six 
to  ten   days  for  the  hookworm  larvae  to  reach   the  infective  stage 
the  cultures  were  placed  in  sef)arate  n-iits  of  tli(»  isolation  appnrMtn*^ 
(Cort  et  al.,  1921)  and  the  hookworm  larvae  obtained  counted.     The 
first  tests  were  made  with  two  adult  chickens.    Their  feces  voided  over 
night  and  examined  both  by  smears  and  the  brine-loop-flotation  tech- 
nique showed  no  nematode  eggs  or  larv^ae.    The  various  findings  were 
verified  by  the  use  of  two  young  chicks  about  six  weeks  old.     Their 
feces  likewise  were  free  from  nematode  eggs  and  larvae. 
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Can  hookworm  eggs  swallowed  by  chickens  peoduce  iNVBcmnB 

LABVAEf 

A  preliminary  series  of  experiments  confirmed  the  early  work  of 
Dock  and  Bass  already  cited,  viz. :  that  hookworm  eggs  can  retain  tiieir 
viahility  and  hatch  after  passing  through  the  digestive  tract  of  the 
chicken.  However,  the  critical  test  of  the  chicken  as  a  factor  in  the 
spread  of  hookworm  disease  is  not  whether  hookworm  eggs  can  remain 
viahle  in  passing  through  its  alimentary  canal  and  then  hatch,  but 
whether  these  larvae  can  develop  to  the  infective  stage. 

To  decide  this  point,  a  series  of  feedings  was  made,  the  essential 
features  of  which  are  shown  in  Table  I.  For  this  and  subsequent 
feedings  the  stools  of  one  individual,  known  as  Beggar  No.  2,  were 
utilized  because  of  the  uniformly  large  number  of  hookworm  eggs 


TABLE  I. 
Development  of  infective  hookworm  larvae  in  chicken  feces  and  aminal  ehareoal. 


Date. 

Cubic  inches 

of 

stool  fed. 

Feces  recov- 

erwi  hre. 
after  feeding. 

May  21st 

2 

29 

Mav  30th .  . . 

VA 

22 

Jiine  Ist 

M 

&}A 

June  11th.  . . 

Va. 

'0V2 

Culture  medium. 


Days 
cul- 
tured. 


Animal  charcoal  12 

Animal  charcoal        12-15 
Animal  charcoal        10-15 

Animal  charcoal  \     11-25 


No.  infective 

larvae 
recovered. 


13 

46 

13 

1 


present  and  the  comparative  lack  of  other  nematode  eggs  and  larvae. 
The  *' cubic  inches'*  of  stool  administered  are  approximate  rather 
than  accurate,  nine  filter  paper  capsules  being  about  equal  to  one 
cubic  inch.  Only  sufficient  animal  charcoal  was  mixed  with  the  fresh 
stool  to  darken  it.  After  recovery  the  chicken  feces  were  mixed  with 
an  equal  amount  of  animal  charcoal  and  cultured  in  closed  Petri  dishes 
and  covered  soup  plates.  As  shown  in  Table  I,  the  subsequent  ex- 
aminations revealed  infective  hookworm  larvae  varying  in  the  different 
cultures  from  one  to  forty-six. 

As  animal  charcoal  is  known  to  inhibit  putrefaction  of  the  stool  it 
was  thought  that  the  larvae  might  be  able  to  develop  to  the  infective 
stage  in  a  culture  medium  of  fowl  feces  and  charcoal  and  not  be  able 
to  do  so  in  chicken  feces  and  soil.  This,  however,  proved  not  to  be 
true,  as  seven  sheathed  hookworm  larvae  were  obtained  from  a  culture 
of  fowl  excrement  and  previously  heated  soil. 
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Again,  it  might  happen  that  larvae  could  mature  in  such  a  medium 
in  closed  Petri  dishes,  but  fail  to  do  so  out  of  doors  in  the  absence  of 
closed  containers  kept  in  the  shade.  But  this  doubt  was  likewise  re- 
moved when,  after  a  feeding,  sixty  infective  hookworm  larvae  were 
taken  from  a  culture  of  chicken  feces  and  previously  heated  soil  which 
was  placed  out  of  doors  in  the  sun  and  rain. 

What  proportion  op  the  hookworm  eggs  swali.owed  by  chickens 

PRODUCE  INPECTIVE  LARVAE  ? 

An  examination  of  Table  I  and  of  the  two  tests  just  described 
reveals  the  fact  that  in  none  of  the  cultures  of  chicken  feces  has  a 
large  number  of  infective  hookworm  larvae  developed.  This  observa- 
tion led  to  an  attempt  to  make  some  quantitative  tests  of  the  propor- 
tionate number  of  larvae  developing  to  the  infective  stage  in  such 
cultures.  In  these  tests  the  fresh  stools  of  Beggar  No.  2  were  divided 
into  two  very  nearly  equal  portions,  one  half  being  cultured  directly 
And  the  other  half  given  to  the  chickens.  After  several  hours  the 
chicken  feces  containing  the  hookworm  eggs  were  recovered,  cultured, 
And  in  all  respects  kept  under  conditions  similar  to  those  of  the 
corresponding  human  culture.  These  conditions  included  culturing 
dn  Petri  dishes  and  in  earthen  pans  in  the  laboratory,  and  in  open 
containers  out  of  doors.  In  Table  II  are  given  the  principal  data 
obtained  in  the  tests.  The  finding  of  only  one  hookworm  larva  in  the 
test  of  June  11  might  be  explained  by  the  fact  that  the  chicken  feces 
^were  recovered  for  only  5  hours  and  a  half  after  feeding,  although 
T)efore  the  end  of  this  time  all  of  the  blackened  part  of  the  feces  had 
l>een  voided.  The  feces  from  the  June  12  test  were  mixed  with 
previously  heated  soil  and  placed  in  olevcn-inch  tin  pans  whose  bot- 
i;oms  had  been  perforated  for  drainage.  These  cultures  were  kept  in 
the  laboratory  except  during  the  almost  daily  shower,  when  they  were 
set  out  until  thoroughly  soaked.  Thus  they  were  in  the  sun  but  a  few 
minutes  at  a  time,  immediately  after  showers.  As  no  animal  char- 
coal was  used  in  administering  the  feces,  and  ample  time  was  allowed 
for  the  passage  of  the  hookworm  ''•rjrs  tlironp-Ii  tlio  cIuj-I^mis,  t!iis  sconi'^ 
to  have  been  a  very  fair  test. 

The  test  of  June  18  was  similar  to  the  one  just  described,  except 
that  the  feces  in  each  case  were  slightly  scratched  into  the  surface 
of  the  soil  and  the  cultures  set  out  of  doors,  where  they  received  ap- 
proximately four  hours  of  sunshine  and  a  heavy  or  light  shower  almost 
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Effect  of  rhirlcn  on   hooJcworm  development. 
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daily.    This  test  represented  a  close  approximation  of  natural  con- 
ditionij.     The  next  test,  June  30,  differed  slightly  in  that  the  feces 
^ere  simply  placed  on  top  of  the  previously  heated  soil  and  then  set 
cut  of  doors.    The  combined  action  of  fly  larvae  and  rain  caused  a 
complete  disappearance  of  the  human  portion  during  the  third  day, 
'while  the  more  fibrous  fowl  feces  were  in  evidence  throughout  the 
«ight-<lay  period.    In  recovering  the  infective  larvae  from  the  chicken 
cjulture,  the  centrifuge  tube  containing  the  larvae  was  emptied  after 
sbout  one  third  of  the  fluid  was  examined.    However,  as  the  fluid  and 
larvae  had  been  thoroughly  mixed  just  before  the  first  third  was  with- 
drawn for  examination,  it  is  probable  that  the  88  larvae  counted 
:K'epresent  approximately  one  third  o*f  the  number  264. 

In  the  tests  of  July  18  and  28  extreme  care  was  exercised  in  mak- 
ing an  equal  division  of  the  human  stool.    The  feces  were  placed  on 
^op  of  the  culture  soil,  but  the  pans  were  kept  in  a  small  closed  yard 
Xiouse  and  sprinkled  frequently,  avoiding  the  heavy  rains  and  the 
^direct  rays  of  the  sun.    But  these  precautions  did  not  raise  the  per- 
^2entage  of  infective  hookworm  larvae  developing  in  the  chicken  feces, 
immediately  before  and  after  the  feeding  of  August  4,  four  earth- 
"^orms  and  some  whole  sweet  milk  were  given  to  one  of  the  chickens 
"to  ascertain  if  a  higher  protein  diet  might  affect  the  number  of  hook- 
"^orm  larvae  developing  to  the  infective  stage.     However,  it  is  seen 
< Table  II)  that  this  had  no  appreciable  effect,  the  number  maturing 
"being  5.8  per  cent,  of  the  number  attaining  the  infective  stage  in  the 
^corresponding  human  culture.     These  tests  indicate  that  hookworm 
^ggs  swallowed  by  chickens  are  much  less  likely  to  produce  infective 
liookworm  larvae  than  are  the  eggs  in  human  stools  deposited  out  of 
floors.    As  a  whole,  the  tests  indicate  that  less  than  ten  per  cent,  of  the 
^ggs  ingested  by  chickens  produce  mature  hookworm  larvae. 

Theoretical  considerations. 

The  results  from  the  tests  shown  in  Table  II  must  not  be  considered 
exact  as  several  possible  sources  of  error  are  involved.  In  the  first 
place,  the  division  of  the  stool  into  halves  was  made  optically.  But 
a  difference  in  volume  of  five  per  cent,  can  readily  be  detected,  so  that 
the  error  here  was  certainly  small.  Next,  the  eggs  may  not  have  been 
evenly  distributed  through  the  stool.  The  only  checks  on  this  point 
were  the  frequent  microscopic  examinations  of  Beggar  No.  2's  stool, 
every  smear  of  which  showed  hookworm  eggs.     In  the  third  place, 
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any  eggs  that  happened  to  pass  into  the  caeca  on  their  way  throi*^-^*^* 
the  intestine  would  probably  be  delayed  too  long  to  be  recovered.   H^^^  ^^ 
this  number  would  not  be  large.    Then,  of  course,  there  is  the  possiUT  i«ftA^ 
error  in  counting.    But  after  allowing  a  wide  margin  for  these  possitf  i  »Ue 
sources  of  error,  it  is  evident  that  the  great  majority  of  hookworx:^^>o^'^ 
eggs  swallowed  by  chickons  fail  to  produce  infective  hookworm  larv^s'-^  '^'^^• 
The  cause  of  this  phenomenon  has  not  been  definitely  determines  xzcned. 
However,  a  possible  factor  in  the  reduction  is  the  action  of  the  gizzar-^^^^^ 
on  the  eggs.     This  seemed  plausible  when  the  writer  learned  of  ^       "3  ai^ 
experience  Dr.  Florence  King  Payne  had  with  Ascaris  eggs.    In  ^       .ca  a^ 
attempt  to  separate  the  flocculent  albumen  from  the  eggs,  small  gla.^  J"S^^ 
beads,  two  millimeters  in  diameter,  were  agitated  in  the  culture  dis  ss  i -^^^"^^ 
with  the  result  that  some  of  the  eggs  were  broken.    When  eggs  wif  x:'^^^^^^'^ 
shells  as  thick  as  those  of  Ascaris  are  broken  by  the  concussion  resulTxu'^  suit- 
ing from  the  shaking  of  small  glass  beads,  it  is  readily  conceivable  ths-rf:^    ^^*^ 
the  thin-shelled  hookworm  eggs  might  suffer  much  injury  in  passiirxi^^^°8 
through  the  grit-filled  muscular  gizzard  of  the  chicken.     EspecialTX-^-*^^^^ 
might  eggs  be  crushed  that  got  into  positions  where  the  grit  was  firx-Q^      "°^ 
and  the  muscular  contractions  severe.     The  only  direct  evidence  oo       ^^e  on 
this  point  in  the  experiments  was  afforded  by  the  difficulty  of  findincxi  talmg 
hookworm  eggs  in  the  chicken  feces.    When  eggs  were  readily  founxx  xx^un 
in  smears  of  the  blackened  human  stool,  it  was  surprising  when  sii*^       '^  ^ 


smears  of  the  black  chicken  feces  wore  examined  without  finding        "^  ^^ 
single  hookworm  egg,  although  infective  larvae  developed  in  the  culx-^^^        " 
ture.    In  view  of  these  considerations,  it  seems  possible  that  a  part  ^^^ 


the  reduction  in  mature  hookworm  larvae  occurring  in  the  cultures '^  ^-^^ 


of  chicken  feces  and  soil  may  result  from  injury  to  the  hookworirx'X*-' 
eggs  in  the  fowl's  gizzard.  ' 

The  inclusion  of  the  urine  with  the  chicken  feces  probably  introo'^'^ 
duced  an  unfavorable  factor  in  the  production  of  larvae,  as  Minagawft"^^'^'^ 
(1917)   found  that  the  hatching  of  the  hookworm  eggs  was  greatljc^-^"^  ^ 
inhibited  in  latrines  whore  the  urine  was  mixed  with  the  human  ex  "^ 


crement.    In  this  autlior's  opinion  the  failure  of  the  eggs  to  hatch 
due  to  differences  in  osmotic  pressure  caused  by  the  presence  of  urin^  ^^ 
in  the  feces.     To  obviate  this  possible  factor  in  the  present  experi— i^*^" 
nionts,  llie  cultures  from  tin*  tests  of  June  12,  18,  and  30  were  placed  t* 
out  of  doors,  where  they  were  thoroughly  washed  by  the  rains  nearly 


every  day.  The  numbers  of  larvae  maturing  in  these  chicken  cultures  ^^ 
were  larger,  on  the  average,  than  those  from  such  cultures  kept  in-  ^ 
doors  and  lightlv  sprinkled,  as  was  done  with  the  cultures  from  the 
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last  three  tests  (Table  II).  The  evidence  here  favors  the  urine  hy- 
pothesis, but  the  eggs  which  produced  the  138  larvae  from  the  July 
28  test  probably  hatched  in  the  presence  of  more  urine  than  did  those 
which  gave  the  58  larvae  from  the  June  18  test,  as  the  former  culture 
was  only  gently  moistened  by  the  aid  of  a  pipette.  However,  in  either 
case,  it  is  probable  that  enough  of  the  urine  remained  to  affect  the 
Jiatehing  of  some  of  the  eggs.. 

As  the  experimental  chickens  were  kept  under  conditions  which 
greatly  reduced  the  amount  of  insect  food,  it  might  appear  that  their 
^K>mewhat  limited  diet  was  responsible  for  the  small  numbers  of  hook- 
"^orm  larvae  maturing  in  the  feces,  but  the  percentage  of  infective 
Xarvae  did  not  increase  when  earthworms  and  milk  were  added  to  the 
x*ations  which  included  corn,  oats,  and  green  grass. 

A  possible  reducing  factor  may  result  from  certain  physiological 

£Lnd  morphological  differences  between  human  beings  and  fowls.    The 

greater  avian  oxygenation,  higher  temperature  and  different  digestive 

apparatus,  including  a  cloaca,  may  form  a  mixture  of  metabolic  and 

egestible  products  such  as  to  furnish  rather  unsuitable  food  for  the 

developing  of  hookworm  larvae.    Other  possible  factors  will  doubtless 

"be  found  upon  further  investigation.    From  the  present  data  it  seems 

probable  that  the  reduction  of  the  numbers  of  mature  hookworm 

lan'ae  resulting  from  the  ingestion  by  chickens  of  hookworm  eggs  is 

due  to  three  factors,  grinding  in  the  gizzard,  differences  in  osmotic 

pressure  caused  by  urine  in  the  exereinent,  and  malnutrition  of  the 

lar\'ae  in  the  feces. 

The  establishment  of  infective  spots  by  chickens. 

While  the  number  of  infective  hoolrworm  larvae  which  could  de- 

"velop  in  a  chicken's  feces  in  one  day  is  comparatively  small,  if  this 

dumber  were  added  day  after  day  at  the  same  place  a  dangerous  in- 

:feetive  spot  would  develop.     Such  a  condition  might  arise  around  a 

<irinking  fountain  or  other  wet  place,  where  chickens  are  accustomed 

"to  come  many  times  daily.    To  test  this  point,  several  samples  of  soil 

in  the  large  chicken  pen  were  again  examined  for  hookworm  larvae 

and  found  to  be  negative.    The  chickens  were  then  given  two  feedings 

of  Beggar  No.  2's  stool  in  the  usual  way,  and  the  drinking  fountain 

placed  at  one  side  of  the  pen  on  a  spot  also  moistened  by  the  showers. 

On  the  following  day,  several  separate  feeal  deposits  were  seen  near 

the  drinking  fountain,  partially  crushed  into  the  moist  soil.     The 

moist  condition  continued  and  in  two  weeks  a  half-pint  of  soil  taken 
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beside  the  drinking  dish  /ielded,  through  the  isolation  apparat^ 
seven  infective  hookworm  larvae. 

This  finding  was  verified  by  testing  a  sheltered,  dry  spot  scve 
feet  away,  finding  it  free  from  hookworm  larvae,  moving  the 
fountain  to  it  and  making  feedings  as  above.    The  next  day  a  few  f< 
deposits  were  noted  near  the  dish.    The  ground  here  was  moisten 
by  the  splashing  of  chickens  and  an  occasional  wetting  to  imitate 
rain.    In  a  week,  a  half-pint  of  soil  from  this  new  place  gave,  throu 
the  isolation  apparatus,  nine  infective  hookworm  larvae. 

These  positive  tests  suggested  the  possibility  of  an  infective  sp 
developing  under  the  roost.    Accordingly,  a  corner  of  the  pen  w 
tested  for  hookworm  larvae  and  found  not  to  contain  them 
roosting  frame  was  then  moved  into  the  corner  and  feedings  of  t 
hookworm  eggs  were  made  on  July  6  and  18.    As  this  corner  w 
sheltered,  the  accumulating  feces  were  moistened  every  few  da: 
This  mass  was  largely  feces,  but  a  small  amount  of  dirt  was  scratch 
into  it  by  the  chickens.    Two  weeks  after  the  last  feeding,  a  pint 
the  mass  was  placed  in  the  isolation  apparatus,  with  the  result  that  1 
infective  hookworm  larvae  were  counted,  107  being  sheathed  and 
unsheathed.    These  experiments  show  that  chickens  swallowing  hum 
excrement  containing  hookworm  eggs  are  able  to  establish  infecti 
spots  on  moist  ground.     In  the  rainy  season  in  Trinidad  such  spo"' 
are  likely  to  develop  in  any  place  which  regularly  attracts  the  chicke; 
such  as  the  drinking  fountain,  the  feeding  ground  (if  they  be  fed)  a 
the  roosting  place. 

Can  newly  iiATrii?:!)  larvae  pass  txinjitred  through  the  diqestiv 

TRACT  OP  CHICKENS? 

As  liookworni  e^prs  in  warm,  moist  conditions  are  known  to  hatcf 
in  from  24  to  36  hours,  and  as  chickens  may  thus  swallow  young  u 
sheathed  larvae,  it  is  important  to  learn  whether  such  larvae  can  pas 
through  the  digestive  tract  of  the  chicken  uninjured.     A  portion  o 
a  four-day  culture  of  human  feces  and  animal  charcoal  containin 
maiiv  unsheathed  hookworm  larvae  was  administered  to  the  chickens 
when  thoy  had  not  been  given  feces  for  several  days  previously.    ThrecP* 
hours  after  feeding,  some  of  the  freshly  defecated  black  feces  we 
examined  by  smear  and  five  young  unsheathed  larvae  were  found  i 
a  small  portion  of  it.     The  feces  passed  overnight  were  collected  th 
following  morning  and  thirteen  smears  taken  at  random  were  ex- 
amined with  the  result  that  nine  were  positive,  containing  extremes  o 
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one  and  ten  active  hookworm  larvae,  making  a  total  of  twenty-four. 
This  shows  that  the  unsheathed  hookworm  larvae  can  retain  their 
viability  while  passing  through  the  digestive  tract  of  the  chickens. 
Unfortunately,  no  test  was  made  to  ascertain  whether  such  larvae  were 
able  to  develop  to  the  infective  stage.  That  they  came  through  active 
and  apparently  normal  makes  it  probable  that  they  could  reach  the 
infective  stage.  This  hypothesis  is  strengthened  by  the  fact  that  newly 
hatched  larvae  of  another  species  {Strongyloides,  cited  elsewhere),  in- 
gested by  the  chickens,  were  able  subsequently  to  develop  to  the  in- 
fective stage. 

Ingestion  of  infective  hookworm  larvae  by  chickens. 

As  chickens,  in  feeding  about  the  yards  and  edges  of  the  fields,  are 
likely  to  swallow  material  containing  infective  hookworm  larvae  and 
later  deposit  it  about  the  door  yard,  it  seemed  important  to  ascertain 
whether  such  larvae  could  be  transported  in  this  way.    Four  feedings 
of  sheathed  hookworm  larvae  were  made,  beginning  on  May  28,  when 
548  larvae  were  administered  in  filter  paper  and  animal  charcoal.    All 
of  the  feces  voided  during  the  next  24  hours  were  collected,  but  ex- 
aminations by  smears  and  sedimentation  failed  to  reveal  an  infective 
larva.    A  similar  test  was  made  on  June  3d,  when  500  infective  larvae 
were  administered  in  the  same  wav.     Examinations  of  the  feces  col- 
lected  for  21  hours  afterwards  failed  to  yield  a  single  hookworm  larva. 
A  third  feeding  on  June  9th  was  administered  with  a  long  pipette, 
the  fluid  wliieh  contained  about  3,500  infective  hookworm  larvae  being 
darkened  with  animal  charcoal.    All  of  the  feces  passed  by  these  fowls 
during  the  next  22  hours  were  broken  up  and  placed  in  a  small  isola- 
tion api)aratus.    Not  a  sirijrle  liookworm  larva  appeared,  whereupon  the 
feces  were  sedimented,  the  residue  being  examined  in  Syracuse  watch 
glasses  and  Petri  dishes.  Still  no  larvae  could  be  found.    The  fourth 
feeding,  including  3,400  infective  larvae,  was  made  four  days  later  by 
the  aid  of  a  long  pipette.    In  other  respects  the  test  was  similar  to 
the  third  just  described.     When  the  feces  were  placed  in  the  small 
isolation  apparatus,  five  mature  hookw^orm  larvae  which  had  lost  their 
sheaths  were  recovered.    Further  examination,  by  sedimentation  and 
«entrifugation,  failed  to  yield  any  more  larvae.     These  tests  show 
that  w^hen  infective  hookworm  larvae  are  swallowed  by  chickens  they 
do  not  pass  out  at  once  unaltered.    They  may  be  digested  or  they  may 
penetrate  the  wall  of  the  alimentary  canal.    That  all  are  digested  is 
liighly  improbable,  since  young  unsheathed  larvae  are  known  to  sur- 
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vive  passage  through  the  chicken's  food  tube.  Hence,  it  may  be  as- 
sumed that  some  of  them  enter  the  wall  of  the  digestive  tract.  How 
long  they  remain  in  the  cliicken's  body  is  problematical.  Any  that 
subsequently  leave  its  body  alive  have  probably  so  metamorphosed  as 
to  be  unable  to  actively  enter  the  body  of  a  final  host.  That  they  do 
not  continue  development  in  the  intestine  of  the  chicken  was  dotermir.ed 
when  the  two  chickens  used  in  these  experiments  were  examined  67 
days  after  the  first  feeding.  A  careful  search  on  the  walls  of  the 
intestines  and  through  the  entire  intestinal  contents  failed  to  reveal 
a  single  hookworm  larva.  The  results  of  these  feedings  show  that  the 
chicken  rarely  disseminates  infective  hookworm  larvae.  In  fact  they 
indicate  that  in  swallowing  such  larvae  the  chicken  may  be  a  positive 
factor  in  hookworm  control. 

Practical  significance. 

The  results  of  the  various  experiments  show  that  in  hookworm 
control  the  chicken  is  both  beneficial  and  harmful.  From  the  series 
of  quantitative  tests  (Table  II)  it  is  evident  that  the. great  majority 
of  the  hookworm  eggs  swallowed  by  chickens  fail  to  produce  infective 
hookworm  larvae.  This  is  significant,  for  during  the  long  rainy  season 
in  Trinidad  a  large  percentage  of  the  eggs  in  human  stools,  deposited 
out  of  doors,  produce  infective  hookworm  larvae,  even  though  the 
stools  be  exposed  to  the  direct  rays  of  the  sun  during  four  or  five 
hours  daily.  (Data  on  this  point  will  be  given  by  the  writer,  in  this 
Journal,  in  a  later  article  of  the  series.)  In  such  stools  thousands  of 
infective  hookworm  larvae  develop  in  five  days,  whereas  of  the  portions 
swallowed  by  chickens,  only  a  small  percentage  of  the  eggs  produce 
mature  hookworm  larvae.  The  scarcity  of  cereals  and  other  ordinary 
chicken  feeds  on  this  island  makes  it  imperative  for  the  fowls  largely 
to  take  what  they  can  get,  so  that  stools  deposited  w^here  there  are 
chickens  usually  disappear  in  a  few  hours.  In  this  respect  chickens 
are  undoubtedly  important  positive  factors  in  the  control  of  hookworm 
disease  during  the  rainy  season. 

On  the  other  hand,  hookworm  eggs  in  stools,  deposited  out  of  doors 
during  the  diy  season,  probably  all  perish  when  left  exposed,  but  of 
those  eggs  swallowed  by  chickens  and  dropped  at  the  drinking  place, 
a  small  percentage  would  produce  infective  hookworm  larvae.  Fur- 
ther, eggs  in  the  fecal  particles  adhering  to  the  feet  of  the  chickens 
may  also  be  brought  to  the  drinking  place  where  there  is  suiBcient 
moisture  to  protect  the  developing  hookworm  larvae.    Another  detri- 


CONTROL  OP  HOOKWORM  DISEASE.  37 

mental  phase  of  the  chicken  relationship  that  may  occur  either  in  the 
wet  or  dry  season  is  the  brining  of  hookworm  eggs  by  chickens  from 
somewhat  remote  places  np  to  the  drinking  or  feeding  spot.  These 
spots,  usually  near  the  house,  are  repeatedly  traversed  by  members  of 
the  family,  most  if  not  all  of  whom  go  barefooted. 

Taking  into  consideration  all  of  the  pros  and  corts  in  the  case,  the 

writer  is  of  the  opinion  that  the  great  reduction  of  infective  hookworm 

larvae  resulting  from  the  ingestion  of  quantities  of  human  excrement 

by  chickens  outweighs  the  harm  done  by  them  in  carrying  eggs  in  their 

digestive  tracts  or  on  their  feet  to  the  door  yard  where  infective  spots 

3nay  be  established.    In  other  words,  the  chicken  does  more  good  than 

liarm.    But  in  unsanitated  districts  or  places  where  only  certain  mem- 

l)ers  of  the  family  use  the  latrine,  the  chickens  are  able  to  establish 

infective  spots  which  in  the  door  yard  would  be  constant  sources  of 

danger. 

Strongyloides  stercoralis  in  chicken  feces. 

Besides  hookworm  eggs  in  the  stools  used  in  the  experiments,  the 
^sggs  of  Ascaris  lurnbricoides  and  Trichuris  irichiura  were  of  occasional 
^Dccurrence,  and  a  few  newly  hatched  larvae  of  Strongyloides  sterco- 
ralis were  seen  in  the  smears.    These  young  larvae  were  able  to  survive 
J^assage  through  the  chicken's  body.    No  special  studies  were  made 
o   determine  the  minimum  number  of  days  required  for  them  to 
evelop  to  the  infective  stage  in  a  culture  medium  of  chicken  feces 
nd  animal  charcoal,  or  soil,  but  by  7  days  after  their  passage  through 
he  chickens,  fairly  large  numbers  of  them  had  developed  the  char- 
cteristic  long  filariform  oesophagus,  and  were  rapidly  wiggling  their 
y  through  the  cultures.    A  single  active  mature  male  of  the  free- 
iving  generation  was  seen  in  a  ten-day-old  culture. 

•    Summary. 

1.  The  length  of  time  required  for  food  material  to  pass  through 
digestive  tract  of  chickens  ranges  from  two  hours  and  forty  min- 

X^tes  to  sixteen  or  more  hours. 

2.  Hookworm  eggs  remain  viable  while  passing  through  the  alimen- 
^«ry  canal  of  chickens  and  are  able  to  hatch. 

3.  Hookworm  eggs  swallowed  by  chickens  produce  infective  hook- 
"^rorm  larvae  when  the  fowl  feces  are  mixed  with  animal  charcoal  or 
'^ith  soil. 

4.  The  results  of  a  series  of  experimental  feedings  indicate  that 
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^he  great  majority  of  hookworm  eggs  ingested  by  chickens  fail 
produce  infective  hookworm  larvae.    This  failure  is  attributed  in  p 
to  breaking  of  eggs  in  the  gizzard,  injury  from  urine  in  the  feces, 
to  malnutrition  of  the  larvae  in  the  excrement. 

5.  Dangerous  infective  spots  may  be  established  around  drinki 
receptacles  by  chickens  that  have  swallowed  hookworm  eggs  day  si^^ 
day. 

6.  Hookworm  eggs  deposited  out  of  doors  under  conditions 
favorable  for  development  can  be  carried  by  chickens  to  favorable 
vironments. 

7.  Human  stools  voided  in  unfrequented  places  can  be  transpor"*^ 
by  chickens  to  the  door  yard  which  is  traversed  by  bare-footed  persc^ 

8.  Newly  hatched  hookworm  larvae  can  pass  through  the  digest 
tracts  pf  chickens  apparently  uninjured.  ^ 

9.  Sheathed  hookworm  larvae  swallowed  by  chickens  fail  to  pass 
once  through  the  fowls  unaltered. 

10.  Strongyloides  stercorcUis  larvae  occurring  in  the  human  sto 
passed  through  the  chickens  and  soon  attained  the  infective  stage, 
single  mature  male  of  the  free-living  generation  having  been  seen. 

11.  The  various  experiments  first  performed  on  adult  chicke 
were  later  repeated  with  young  ones  with  similar  results  in  each  cas 

12.  A  comparison  of  the  reduction  of  mature  hookworm  larvae  b 
fowls  with  the  establishment  of  infective  spots  by  them  convinces  thfli 
writer  that  chickens  are  more  beneficial  than  harmful  in  the  control  oi 
hookworm  disease  in  Trinidad. 
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INVESTIGATIONS  ON  THE  CONTKOL  OF  HOOKWORM 

DISEASE. 

V.    The  Domestic  Pig  and  Hookworm  Dissemination.* 

By  JAMES  E.  ACKERT,  Ph.D.,  and  FLORENCE  KING  PAYNE,  M.D. 

(Received  for  publication,  October  24,  1921.) 

Introduction. 

The  free  range  frequently  allotted  the  domestic  pig,  and  its  om- 
nivorous habit  have  led  to  the  suspicion  that  swine  may  be  factors 
in  hookworm  dissemination.  Experiments  conducted  by  the  Philip- 
pine Bureau  of  Science  in  1913  indicated  that  the  domestic  pig  could 
not  be  infected  with  human  hookworms.  Whether  or  not  pigs  may 
act  as  vectors  in  the  dissemination  of  human  hookworm  eggs  was  not 
considered  by  them.  In  the  absence  of  any  record  of  experiments,  and 
in  order  to  investigate  this  point,  the  writers  took  advantage  of  an 
opportunity  afforded  in  Trinidad,  British  West  Indies,  by  the  In- 
ternational Health  Board  of  the  Rockefeller  Foundation,  through  the 
efforts  of  Dr.  W.  W.  Cort  and  Dr.  George  C.  Payne,  to  whom  ac- 
knowledgment is  here  made  for  valuable  suggestions. 

Methods. 

For  the  experiments  three  pens  were  used,  a  living  pen,  an  ex- 
perimental feeding  pen  and  a  small  enclosure  used  only  for  collecting 
feces  from  experimental  feedings.  These  pens,  which  were  sheltered 
by  the  laboratory  (Ackert,  1922),  were  free  from  hookworm  larvae. 

Two  young  pigs,  approximately  six  weeks  old,  were  used  for  the 
feeding  experiments.  Examinations  of  their  feces  by  smears,  sedi- 
mentation and  centrifugation,  and  by  the  brine-loop-flotation  tech- 
nique failed  to  reveal  the  presence  of  any  nematode  eggs  or  larvae. 
By  administering  animal  charcoal  with  food  it  was  ascertained  that 

*  This  paper  ia  the  fifth  of  the  series  of  the  hookworm  investigations  made  by 
the  Department  of  Medical!  Zoology,  School  of  Hygiene  and  Public  Health,  Johns 
Hopkins  University  with  the  Cooperation  of  the  International  Health  Board,  Rocke- 
feller Foundation.  It  is  Contribution  No.  56  from  the  Department  of  Zoology, 
AgricaltiiTal  Experiment  Station,  Kansas  State  Agricultural  College. 
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sixteen  hours  were  required  for  material  to  pass  through  the  pit 
The  human  stools,  which  were  mixed  with  com  meal  and  milk, 
sometimes  animal  charcoal,  were  administered  in  the  experimeni 
feeding  pen,  care  being  exercised  to  avoid  polluting  the  soil.  Vt^^ 
pigs  were  then  placed  in  the  small  recovery  room  and  the 
collected  during  the  following  twenty  to  twenty-fours  hours.  Up< 
recovery  their  feces  containing  hookworm  eggs  were  cultured 
animal  charcoal  or  in  garden  soil  which  had  been  sufSeiently  heal^< 
to  kill  any  hookworm  eggs  or  larvae,  but  not  hot  enough  to  oxi< 
organic  material.  After  a  week  or  so  the  cultures  in  garden  soil  w^^^^^ 
placed  in  separate  units  of  the  isolation  apparatus  (Cort  et  al.,  192  ^S  ) 
which  aided  in  isolating  the  infective  larvae. 

Can  eggs  swallowed  by  pigs  PRODUCfE  infective  larvae  f 

In  the  tropics  and  sub-tropics  the  ingestion  of  quantities  of  hook- 
worm eggs  by  pigs  is  a  daily  occurrence.     Countless  numbers 
these  eggs  are  dropped  in  environments  which  doubtless  enable  th 
to  hatch.    But  as  the  young,  unsheathed  hookworm  larvae  are  kno 
to  be  unable  to  penetrate  the  skin  of  their  final  host,  the  feces  of  t^ 
pig  must  furnish  sufficient  nutriment  to  enable  the  hookworm  lan^ 
to  reach  the  infective  stage,  if  the  pig  is  a  real  factor  in  the  spre^ 
of  hookworm  disease. 

To  test  this  point  two  cubic  inches  of  human  stool  from  Beg^' 
No.  1  (light  infestation),  containing  many  hookworm  eggs,  were 
ministered  to  the  pigs.     The  feces  passed  during  the  following 
hours  were  cultured  in  animal  charcoal  and  placed  in  Petri  disL 
In  six  to  eighteen  days  afterward  72  active  infective  hookworm  la 
were  isolated  from  these  cultures.    This  experiment  was  repeated 
giving  to  the  pigs  3  cubic  inches  of  human  stool.    The  feces  collect 
after  16  hours  were  cultured  in  animal  charcoal  and  placed  in  a  la 
moist  chamber.     Examinations  of  this  culture  by  washing  from  t 
10th  to  the  17th  dav  afterward  vielded  289  infective  hookworm  larv 
apparently  similar  in  every  respect  to  hookworm  larvae  from  hum 
stools  cultured  directly  in  animal  charcoal.     These  and  many  su 
sequent  tests  showed  conclusively  that  hookworm  eggs  swallowed 
pigs  are  able  to  produce  larvae  which  develop  to  the  infective  sta; 
in  a  culture  medium  of  pig  feces  and  animal  charcoal. 

As  animal  charcoal  is  known  to  inhibit  putrefaction  it  app 
that  the  chances  of  young  hookworm  larvae  reaching  the  sheathed  st 
would  be  less  favorable  in  a  medium  lacking  the  charcoal.    To  set 
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this  point,  one  and  a  half  cubic  inches  of  stool  from  Beggar  No.  2 
(heavy  infestation)  were  administered  to  the  pigs  without  any  char- 
coal. The  resulting  feces  were  mixed  with  previously  heated  garden 
soil  and  placed  in  an  open  earthen  pan.  Examination  by  the  aid  of 
the  isolation  apparatus  nine  days  later  yielded  871  vigorous  infective 
hookworm  larvae.  This  demonstrated  that  hookworm  eggs  which  had 
passed  through  the  digestive  tract  of  the  pig  produced  infective  larvae 
in  the  absence  of  animal  charcoal. 

What  proportion  of  hookworm  eggs  swallowed  by  pigs  reach  the 

infective  stage? 

Having  determined  that  hookworm  eggs  swallowed  by  pigs  pro- 
duce infective  larvae  under  approximately  natural  conditions,  an  at- 
tempt was  made  to  obtain  a  comparison  of  the  number  of  sheathed 
hookworm  larvae  developing  from  equal  portions  of  a  stool  when  one 
half  of  it  was  cultured  directly  and  the  remainder  given  to  a  pig- 
For  this  series  of  tests  Pig.  No.  1  was  chosen  because  of  its  voracious 
appetite.    The  essential  data  in  these  tests  are  shown  in  Table  I. 


TABLE  I. 
Comparison  of  ctUturing  one  half  of  stool  directly  with  giving  other  half  to  pigs. 


Cubic 

inches  of 

stool. 

Disposal  of  stool. 

Feces 

reroverod 

hours 

after 

feeding. 

Culture 
medium. 

,      Environment. 

1 

Days 
cultured. 

Infective 

larvae 
obtained. 

4 

Half  cultured 

8oil 

Shade 

9 

1,856 

Half  to  pig 

21 

Soil 

Shade 

8 

3,003 

3 

Half  cultured 

{^oil 

Sun  and  shade 

8 

103 

Half  to  pig 

24 

Soil 

Sun  and  shade 

8 

1,160 

2 

Half  cultured 

Soil 

Sun  and  shade 

11 

18 

Half  to  pig 

44 

Soil 

Sun  and  shade 

10 

897 

3 

Half  cultured 

Soil 

1  Shade 

8 

957 

Half  to  pig 

24 

Soil 

1  Shade 

7 

l,72u 

< 

Half  cultured 

Soil 

Shade 

7 

3,672 

Half  to  pig 

20 

Soil 

Shade 

G 

2,520 

For  this  series  of  feedings  the  stool  of  one  individual,  known  as 
Beggar  No.  2,  was  utilized  on  account  of  the  large  number  of  hook- 
worm eggs  per  volume  in  it,  and  because  of  the  relative  freedom 
from  eggs  and  larvae  of  other  nematodes.     The  **  half''  stools  are 
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approximate,  having  been  divided  optically.    The  culture  medium  ^ 
each  case  was  previously  heated  clay  loam,  and  the  culture  dishe:^ 
eleven-inch  tin  pans  (two  inches  deep),  perforated  for  drainage.   TY^^ 
**  shade  *'  environment  was  either  deep  shade  out  of  doors  or  in      * 
small  yard  house.    In  the  *  *  sun  and  shade  ^ '  environment  the  cultur  ^sb 
were  placed  out  of  doors,  where  they  were  exposed  to  approximatelM-y 
four  hours  daily  of  direct  sun  rays  and  to  the  tropical  showers. 

In  the  first  test  the  feces  were  scratched  into  the  surface  of  th     le 
soil  and  kept  moist  by  sprinkling,  except  on  two  days  when  they  wei^^e 
placed  out  in  heavy  showers.    The  second  test  was  practically  a  dupM-i- 
cation  of  nature,  the  human  stool  and  pig  feces  being  placed  on  top  ^^^f 
the  soil  and  set  out  of  doors  side  by  side.     There  were  short  hea^i^T^ 
rains  nearly  every  day  and  much  sunshine.     The  relatively  sm^*-" 
number    (103)    of   larvae,   obtained   from   the   human   portion, 
probably  due   in  part  to  the  rapid  disappearance  of  the  stool, 
visible  trace  of  which  was  left  at  the  end  of  the  third  day.    This  W 
due  to  the  combined  action  of  fly  larvae  and  the  rain,  and  to  the  w 
fibrous  condition  of  the  stool.     If  adverse  climatic  conditions  p 
vailed,  just  as  the  hookworm  eggs  hatched,  the  exposed  larvae  in  su*-^ 
a  culture  would  probably  perish  before  they  could  migrate  to  shelt* 
On  the  other  hand,  the  fibrous  pig  feces,  which  were  spread  out 
the  rain,  formed  a  disk-like  covering  over  the  surface  of  the  cultui 
affording  protection  for  the  young  larvae  against  the  intense  rays        ® 
the  sun  and  the  force  of  tlie  heavy  rains.    The  conditions  of  the  thir^^^^^ 
test  were  similar  to  those  of  the  second  one,  the  soft  human  stc^^^^ 
disappearing  during  the  third  day,  when  most  of  the  larvae  are  in      — 
precariour,  condition. 

That  the  rays  of  the  sun  and  the  beating  rains  are  especially  ur"  — ^' 
favorable  to  hookworm  larvae  in  soft  human  stools  is  indicated  by  tl^tne 
results  of  the  fourth  and  fifth  tests.  The  conditions  of  these  tests  wetr  -^^ 
similar  to  those  of  the  second  and  third  tests,  except  the  meteorolo^c 
ones  of  sun  and  rain.  These  cultures,  kept  in  deep  shade  in  the  yai 
house  and  gently  sprinkled,  yielded  many  more  larvae.  The  fly  larv^ 
appeared  to  be  almost,  though  not  quite,  as  numerous  as  they  were  oi 
of  doors.  Just  what  effect  the  fly  larvae  have  on  the  developic^^ 
hookworm  larvae  is  a  problem  in  itself.  They  undoubtedly  aid  ^■^^ 
making  the  stool  porous,  admitting  oxygen  more  quickly,  but  tb^^-^ 
usually  break  the  protective  crust,  and  as  they  feed  wholly  on  tfi^ 
stool,  the  amount  of  nutriment  is  certainly  reduced.  Since  nutrimci'^ 
is  an  important  factor  in  the  development  of  hookworm  larvae,  a  ^' 
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duction  in  number  in  such  fly-infested  stools  would  be  the  natural 
course  of  events. 

The  majority  of  the  fly  larvae  in  the  human  stools  were  those  of 
DrosophUa,  apparently  attracted  by  the  undigested  pieces  of  banana 
and  other  fruits.  A  smaller  number  of  flies  were  drawn  to  the  pig 
feces  which  contained  many  oat  hulls  and  plant  fibers.  These  not  only 
formed  a  protective  crust,  but  probably  kept  the  food  particles  more 
concentrated  for  the  developing  larvae.  At  any  rate,  these  tests  in- 
dicate that  under  the  present  conditions  in  Trinidad,  hookworm  eggs, 
swallowed  by  pigs,  have  fully  as  favorable  prospects  for  producing  in- 
fective hookworm  larvae  as  do  those  that  remain  in  the  human  stools 
deposited  out  of  doors. 

Uncontrolled  factors  and  possible  errors  in  technique  of  course  may 
enter  into  these  results.  The  optical  division  of  the  stools  into 
*' halves  *'  is  approximate  rather  than  accurate,  but  differences  in 
volume  of  four  or  five  per  cent,  are  readily  detected.  The  distribu- 
tion of  the  eggs  in  the  stools  may  vary,  but  in  each  one  of  several 
different  microscopic  examinations  of  Beggar  No.  2  's  stool,  hookworm 
eggs  were  found  in  the  first  smear.  A  possible  error  in  counting  must 
of  course  always  be  considered,  but  the  numbers  of  infective  larvae 
obtained  from  the  pig  cultures  were  so  large  that  a  high  percentage 
of  the  hookworm  eggs  swallowed  by  pigs  are  evidently  able  to  produce 
sheathed  larvae  during  the  rainy  season  in  the  tropics. 

Fate  op  infective  hookworm  larvae  swallowed  by  pigs. 

As  pigs  in  feeding  and  drinking  about  the  yards  are  likely  to 
swallow  human  hookworm  larvae  in  the  infective  stage  it  was  deemed 
advisable  to  ascertain  if  such  larvae  might  be  disseminated  by  the 
pigs.  This  question  arose  early  in  the  work,  and  on  June  16,  2,841 
active  infective  larvae  were  administered  to  the  two  pigs  in  milk,  in 
a  soup  plate,  care  being  exercised  to  have  the  larvae  swallowed.  The 
feces  passed  during  the  next  24  hours  were  separated  and  placed  in 
^  unit  of  the  isolation  apparatus.  Many  free-living  nematodes,  but 
not  a  hookworm  larva  could  be  obtained  in  this  way.  The  feces  were 
then  broken  up  and  prepared  for  sedimentation.  A  further  search 
likewise  proved  futile,  not  a  single  hookworm  larva  being  found. 

Four  days  after  the  first  feeding,  a  second  test  was  made  by  giving 
to  one  of  the  pigs  2,700  infective  hookworm  larvae  in  milk,  the  latter 
being  stirred  while  the  pig  was  drinking  it.  A  second  volume  ol 
milk  added  was  lapped  up  clean,  leaving  no  doubt  that  most,  if  not 
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all,  of  the  larvae  were  swallowed.  The  feces  voided  by  this  pig  during 
the  next  22  hours  were  teased  and  placed  in  the  isolation  apparatus, 
but  in  this  test,  as  in  the  first,  not  a  single  hookworm  larva  could  be 
obtained.  As  a  cheek  on  the  isolation  apparatus,  72  sheathed  hook- 
worm larvae  were  placed  in  some  pig  feces  that  were  free  from  larvae. 
This  excrement  was  placed  in  the  isolation  apparatus  under  con- 
ditions similar  to  those  of  the  second  test  with  the  result  that  26 
sheathed  hookworm  larvae  were  recovered. 

The  third  and  final  feeding  of  infective  hookworm  larvae  was  made 
on  June  27,  when  3,000  sheathed  larvae  were  given  to  one  of  the  pigs 
in  milk  as  before.  To  guard  against  the  possibility  of  the  larvae 
escaping  from  the  feces,  the  latter  were  made  to  fall  on  clean  dry 
paper.  Feces  from  this  pig  were  collected  during  the  following  25 
hours,  the  last  fecal  deposit  having  been  taken  immediately  after 
defecation.  This  excrement  was  teased  and  placed  in  the  isolation 
apparatus,  with  the  final  result  that  no  hookworm  larvae  could  be 
found.  The  fate  of  such  ingested  larvae  is,  at  present,  unknown.  It 
is  probable  that  they  either  penetrate  the  wall  of  the  digestive  tract 
or  die  in  the  attempt,  in  which  case  they  would  be  more  or  less  com- 
pletely digested.  To  determine  the  fate  of  those  which  might  enter 
the  wall  of  the  alimentary  canal  further  investigation  is  necessary. 

Strongyloides  stercoralis  in  pig  excrement. 

In  addition  to  the  abundance  of  hookworm  eggs  occurring  in  the 
human  stools  used  in  these  experiments  there  were  a  few  eggs  of 
Ascaris  lumbricoides  and  Trichuris  trichiura,  and  an  occasional  larva 
of  Strongyloides  stercoralis.  It  was  soon  very  apparent  that  the 
Strongyloides  larvae  could  survive  passage  through  the  digestive  tract 
of  the  pig,  for  in  the  cultures  of  pig  feces  these  larvae  in  the  free- 
living  generation  had  multiplied  to  the  extent  of  being  numerous. 

Among  the  results  obtained  by  the  Philippine  Bureau  of  Science 
in  1913  from  feeding  human  waste  to  pigs  were  indications  that  the 
pig  may  become  a  host  of  Strongyloides  stercoralis.  With  numerous 
infective  larvae  of  this  species  available  from  time  to  time  in  the 
present  experiments  it  seemed  desirable  to  attempt  to  collect  more 
data  on  this  problem.  As  stated  elsewhere  the  feces  of  the  two  six- 
week-old  pigs  secured  for  the  hookworm  experiments  were  free  from 
eggs  and  larvae  on  June  11.  Many  infective  Strongyloides  larvae 
were  administered  along  with  the  infective  hookworm  larvae  on  June 
16,  20  and  27.    But  on  June  24  approximately  3,000  infective  Strata 
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gyloides  larvae  were  given  to  one  of  the  pigs.  No  visible  effects  of 
this  dose  were  noted  until  three  days  later,  when  the  pig  refused  to 
eat  and  vomited  twice,  remaining  quiet  the  remainder  of  the  day.  By 
the  next  morning,  however,  the  pig  appeared  normal  again,  and  no 
further  possible  effects  could  be  detected. 

As  time  elapsed,  the  numbers  of  Strorigyloides  larvae  in  the  pig 
feces  cultures  increased,  indicating  that  the  pigs  were  contributing 
lome  of  the  larvae.  To  test  this  point,  the  pigs  were  placed  on  a 
voven  wire  floor  in  the  small  feces  recovery  pen,  where  they  were 
fiven  food  free  from  Strongylaides  larvae.  After  allowing  28  hours 
or  any  ingested  Strongyloides  to  pass  from  the  pigs,  the  space  be- 
leath  the  wire  floor  was  cleaned  and  covered  by  a  clean  paper.  The 
•ig"  feces  were  then  collected  for  18  hours  and  the  major  portion  of 
[lem  cultured  in  previously  heated  soil,  in  the  usual  way,  on  August 
In  8  days  the  culture  was  examined  by  the  aid  of  the  isolation 
pparatus.  After  centrifugation  the  centrifuge  tube  contained  a  solid 
lass  of  these  larvae,  approximately  three  centimeters  deep.  By  di- 
iting  and  stirring  this  mass  of  larvae,  counting  those  in  a  single  drop, 
ad  multiplying  by  the  number  of  drops,  the  total  number  obtained 
nounted  to  68,400  Strongyloides  larvae. 

As  a  check  one  and  a  half  cubic  inches  of  Beggar  No.  2's  stool  was 
iltured  in  previously  heated  soil  and  placed  near  the  pig  feces  cul- 
ire.  Seven  days  later  examination  of  this  culture  by  aid  of  the 
K)lation  apparatus  yielded  approximately  200  Strongyloides  larvae, 
'he  contrast  here  is  so  great  that  there  appears  to  be  no  other  in- 
erpretation  than  that  these  pigs  were  infested  with  mature  Stron- 
yUndes  of  the  parasitic  generation.  The  42  days  which  elapsed  after 
he  first  feeding  of  infective  larvae  doubtless  afforded  ample  time  for 
evelopment  to  maturity  in  the  pigs.  While  these  tests  do  not  pre- 
lude the  possibility  that  the  pigs  became  infested  with  a  species  of 
trongyloides  other  than  stercordlis,  the  care  and  feed  of  the  pigs  was 
ich  as  to  make  it  highly  probable  that  it  was  the  human  species. 

An  interesting  observation  on  the  behavior  of  the  free-living  gen- 
*ation  was  made.  On  looking  at  the  surface  of  one  of  the  pig  feces 
iltures  some  white  wavy  specks  were  noted.  With  the  aid  of  a 
uid  lens  it  was  seen  that  these  specks  consisted  of  groups  of 
trongyloides  larvae  in  the  infective  stage,  the  individuals  being 
otmd  around  one  another,  much  like  the  strands  of  a  thread,  except 
lat  at  the  extreme  distal  end  of  the  group  a  portion  of  one  larva 
ctended  beyond  the  others.    This  and  dozens  of  other  masses  were 
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waving  to  and  fro  on  the  surface  of  the  moist  culture,  certainly  in 
favorable  positions  should  the  host  come  in  contact  with  the  surface 
of  the  culture. 

Hookworms  in  pigs. 

Late  in  the  season,  an  additional  feeding  of  hookworm  eggs  was 
made  in  the  usual  way,  one  half  of  Beggar  No.  2's  stool  being  cultured 
directly  and  the  other  half  administered  to  the  pigs.  The  feces  from 
this  feeding  were  cultured  and  placed  in  the  shade  beside  the  human 
culture.  Examinations  of  these  cultures  eight  days  later  showed  1,200 
infective  larvae  from  the  human  culture  and  6,203  from  the  pig  cul- 
ture. This  latter  number  was  so  large — twice  the  number  from  any 
previous  pig  culture — as  to  lead  to  the  suspicion  that  the  pigs  might 
be  contributing  hookworm  eggs.  Accordingly,  a  test  was  made  in 
which  the  pigs  were  given  carefully  selected  food  for  a  day  after 
which  their  feces  were  collected  and  cultured.  In  a  week,  the  ex- 
amination by  the  aid  of  the  isolation  apparatus  yielded  4,294  infec- 
tive hookworm  larvae.  These  results  tended  to  confirm  the  suspicion 
that  the  pigs  had  become  infested  with  hookworms,  and  led  to  an 
immediate  examination  of  the  pigs*  intestines. 

In  the  intestine  of  the  first  pig  slaughtered  (Pig  No.  2)  five  small 
blood  clots  were  found  in  the  ileum,  and  near  them  eight  mature 
hookworms,  five  females  and  three  males.  The  results  from  the  ex- 
amination of  the  second  pig  (No.  1)  were  similar,  except  that  three 
mature  hookworms  were  found,  two  females  and  one  male.  To  as- 
certain whether  hookworms  were  occurring  in  pigs  kept  under  ordi* 

»-  o-  (litions,  a  three-month-old  pig  was  purchased  and  slaughtered. 
From  the  posterior  third  of  its  small  intestine  137  hookworms  were 
taken,  six  pairs  being  in  the  act  of  copulation.  Further  examinations 
of  nifif  intestines  from  various  parts  of  the  island  showed  that  the 
infestations  were  not  limited  to  young  pigs,  nor  to  particular  ge- 
ographical areas.  Data  on  these  points  are  still  being  assembled,  and 
will  be  published  in  a  later  article  of  this  series. 

Studies  on  the  morphology  of  the  hookworms  from  several  of  these 
pigs  convince  the  writers  that  these  nematodes  belong  to  the  genus 
Necator,  but  differ  from  Necator  americanus  and  other  species  of  this 
genus  to  such  an  extent  as  to  constitute  a  new  species.  A  diagnosis 
of  the  new  species  is  here  given,  but  a  full  description  of  it  together 
with  data  on  its  occurrence  and  distribution  in  Trinidad  will  be  pub- 
lished as  a  later  number  of  this  series  of  papers. 
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The  genus  Negator,  Stiles,  19.03. 

Hookworms  belonging  to  this  genus  have  a  small  mouth  capsule, 
narrowed  anteriorly  (ventrally)  by  ehitinous  plates.  On  each  side 
of  the  base  of  the  dorsal  cone  is  a  lateral  ehitinous  plate  or  lancet 
with  a  smooth  edge  (not  serrated)  ;  ventral  lancets  present  as  in 
Ancylostoma,  No  ridges  occurring  on  outside  of  ventral  wall.  Open- 
ing of  the  dorsal  oesophageal  gland  on  tip  of  a  cone  (dorsal  tooth) 
projecting  freely  into  the  buccal  capsule.  Bursa  closed.  Dorsal  ray 
of  bursa  divided  to  its  base. 

Necator  suillus  n.  sp. 

Specific  diagnosis, — With  the  characters  of  the  genus.  Inner  edges 
of  ventral  plates  rounded.  Dorsal  tooth  very  short.  Lateral  lancets 
Iroadly  wedge-shaped  in  profile.  Ventral  lancets  rather  slender; 
<lagger-shaped  in  side  view;  point  toward  base  of  dorsal  tooth. 
Oesophagus  comparatively  short  and  slender. 

Male  5.25  to  8.75  mm.  long  by  .09  to  .246  mm.  in  thickness ;  average 

length,  6.9  mm.    Buccal  capsule  57  to  75  microns  long  (dorso-ven- 

"trally),  average  65;  by  58  to  77  microns  wide,  average  68.    Bursa 

:fannel  shaped.    Dorsal  rays  short  and  comparatively  stout ;  terminal 

branches  of  dorsal  rays  long  and  slender;  externodorsal  ray  short 

^nd  stout;  posterolateral,  mediolateral  and  externolateral  rays  short 

*^nd  slender;  lateroventral  and  ventroventral  rays  stout.     Spicules 

^423  to  .471  mm.  long  and  barbed  at  extremity. 

Female  7.3  to  12.5  mm.  long  by  .295  to  .382  mm.  in  breadth ;  average 
Jength,  9.5  mm.  Buccal  capsule  68  to  89  microns  long,  average  74;  by 
C7  to  94  microns  wide,  average  75.  Vulva  near  equator  of  body,  but 
interior  to  middle.  Eggs  56  to  66  microns  long  by  35  to  40  microns 
"^vide,  in  early  segmentation  when  deposited;  average  length,  63  mi- 
Cirons ;  average  width,  37  microns. 

Among  the  morphological  differences  between  Necator  americanus 

^nd  N.  suillus  are  the  following :  The  new  species  is  somewhat  smaller ; 

t;lie  buccal  capsule  much  smaller  proportionately.    As  a  rule,  the  dor- 

^^1  turn  in  the  neck  is  not  so  pronounced  as  in  N,  americanus.    The 

inner  edges  of  the  ventral  plates  are  more  rounded  in  N,  suill%is, 

^nd  less  angular  than  those  of  N,  americanus.    In  N,  suillus  the  lateral 

lancets  are  broadly  wedge-shaped  in  profile,  while  those  of  the  larger 

tfecaior  are  cusp-shaped.    The  ventral  lancet  is  slender  in  side  view, 

pointing  toward  the  base  of  the  dorsal  tooth  in  N,  suillus,  while  this 


48  JAMES  E.  ACKERT  AND  FLORENCE  KING  PAYNE. 

lancet  in  the  larger  species  is  broader  and  points  approximately  toward 
the  tip  of  the  dorsal  tooth.  The  dorsal  rays  in  the  new  species  are 
shorter,  while  their  terminal  branches  are  actually  longer  than  these 
structures  in  the  larger  N.  americanus. 

Discussion. 

The  finding  of  mature  male  and  female  hookworms  in  pig  No.  1 
stimulates  a  re-examination  of  the  data  shown  in  Table  I,  and  of  the 
results  from  the  preliminary  feeding  experiments.  Among  the  ques- 
tions which  arise  is  that  of  the  time  at  which  these  hookworms  prob- 
ably matured.  As  they  are  of  the  smaller  species,  N.  suUltis,  they 
probably  had  entered  the  bodies  of  the  pigs  before  June  11,  when  we 
secured  them  and  found  that  their  feces  were  free  from  hookworm 
eggs.  The  preliminary  feeding  experiments  described  above  were 
begun  at  once,  and  the  comparatively  large  numbers  of  infective  hook- 
worm larvae  obtained  from  the  pig  cultures  stood  out  in  marked  con- 
trast to  the  small  numbers  obtained  from  similar  chicken  cultures 
(Aekert,  1922).  The  871  vigorous  infective  hookworm  larvae  from 
preliminary  pig  feedings  were  obtained  from  feces  passed  four  days 
after  the  pigs  were  secured.  It  will  be  seen  that  the  one  and  a  half 
cubic  inches  of  Beggar  No.  2*s  stool  administered  to  the  pigs  in  this 
case  produced  about  as  many  infective  hookworm  larvae  as  developed 
in  the  average  human  cultures  shown  in  Table  I.  This  would  in- 
dicate that  the  worms  had  not  matured  when  this  feeding  was  made, 
and  it  would  also  indicate  that  a  high  percentage  of  the  human  hook- 
worm eggs  swallowed  by  pigs  are  able  to  produce  infective  larvae 
during  the  wet  season  in  Trinidad. 

The  tests  for  the  data  of  Table  I  were  begun  June  19  when  the 
pigs  were  about  seven  weeks  old.  If  N.  suillus  matures  as  quickly  as 
A^.  amerkanus,  it  is  possible  that  the  three  hookworms  found  in  pig 
No.  1  had  matured  at  this  time.  On  the  other  hand,  they  may  not 
have  matured  until  late  in  the  season — the  last  of  July — when  6,203 
infective  hookworm  larvae  were  produced  in  a  single  pig  culture,  as 
compared  with  1,200  from  the  corresponding  human  culture.  How- 
ever, as  Calmette  and  Breton  (1905)  have  shown  that  human  hook- 
worm eggs  pass  through  the  digestive  tract  of  the  dog  unharmed  by 
the  stomach,  intestinal,  and  pancreatic  juices,  there  appears  to  be  no 
reason  for  doubting  the  validity  of  the  preliminary  tests  in  the  present 
experiments.    These  tests  indicate  that  not  only  do  human  hookworm 
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pass  uninjured  through  the  alimentary  canal  of  the  domestic  pig, 
l>X3t  the  majority  of  them  produce  infective  larvae  in  a  culture  medium 
pig  feces  and  moist  soil. 


Anchylostoma  in  Swine, 

After   the   preparation   of   this   manuscript   some   references  on 
nchylostoma  in  swine  came  to  our  attention.     O'Connor    (1920) 
^wrorking   in   Funafuti,   Ellicc   Islands,    found   thirty   specimens   of 
^j^nchylostoma  in  a  pig.     According  to  this  author,  the  worms  were 
very  similar  to  A,  duodenale,  except  for  size,  being  smaller  than  this 
human  hookworm.     In  July,  1921,  Maplestone  reported  on  the  ex- 
amination of  157  slaughtered  pigs  and  on  25  fecal  examinations  of 
swine  in  North  Queensland.     No  hookworms  or  eggs  were  found  in 
any   case.     As   only   **  the   duodenum  and  first  part  of  the  small 
intestine,  with  its  contents,''  were  examined,  any  hookworms  in  the 
ileum  and  posterior  portion  of  the  jejunum  of  the  slaughtered  pigs 
would  not  have  been  found.    In  Trinidad,  the  present  writers  found 
Necator  suillus  more  frequently  in  the  ileum  and  jejunum  than  in  the 
du6denum.    Apparently,  O'Connor  found  some  Anchylostoma  in  the 
ileum  and  jejunum.    More  recently,  Legg  and  Rheuben  (1921)  have 
reported  tlie  finding  of  hookworms  in  three  semi-domesticated  pigs 
from  North  Queensland,  stating  that  the  nematodes  obtained  had  been 
identified  as  Anchylostoma  duodenale. 

Summary. 

1.  Human  hookworm  eggs  swallowed  by  domestic  pigs  produce  in- 
fective larvae  in  five  days  during  the  rainy  season  in  Trinidad. 

2.  The  results  of  tests  indicate  that  a  high  percentage  of  the  hook- 
worm eggs  ingested  by  pigs  are  able  to  produce  infective  larvae,  and 
that  the  free-range  pig  is  an  important  factor  in  the  dissemination  of 
human  hookworm  eggs. 

3.  Infective  hookworm  larvae  swallowed  by  pigs  do  not  pass 
through  unaltered  in  the  excrement. 

4.  Sirongyloides  stercoralis  larvae  survive  passage  through  the 
digestive  tract  of  the  pig  and  multiply  in  the  feces.  Circumstantial 
evidence  shows  that  the  pigs  became  infested  with  this  nematode. 

5.  A  new  species  of  hookworm,  Necator  suillus,  is  of  common  oc- 
currence in  the  domestic  pigs  in  Trinidad,  British  West  Indies. 
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By  WILLIAM  W.  COBT,  Ph.D.,  and  GEOBGE  a  PAYNE,  M.D. 
(Received  for  publication,  December  13, 1921.) 

Introduction. 

considering  the  aetiology  of  hookworm  disease,  the  fact  is  soon 

&I>l>a.rent  that  the  factors  involved  in  the  passage  of  the  infestation 

^*^0(na   one  individual  to  another  are  very  complex.     In  order  to 

^^certain  accurately  how  the  disease  is  spread  in  any  given  area  it  is 

i^ecessary  to  consider  (1)  the  extent  and  degree  of  the  infestation  of 

^be  people,  (2)  the  prevalence  of  soil  pollution,  (3)  the  distribution 

^'  soil  infestation  and  <4)  the  habits  of  the  people  with  regard  to 

P^^ssible  effective  contacts  with  the  places  of  soil  infestation.     The 

^Vestigation,  the  reisults  of  which  will  be  given  in  this  paper,  is  an 

epidemiologic  study  of  a  heavily  infested  area  of  a  sugar  estate.    In 

f^ifi  study  an  attempt  was  made  to  investigate  all  of  the  above-men- 

^^Hed  factors,  both  before  and  after  the  application  of  control  meas- 

^^,  in  order  to  determine  the  exact  sources  of  the  human  infestation, 

,  ^d  to  learn  the  effect  on  human  infestation,  soil  pollution  and  soil 

"^  testation  of  the  control  measures  used. 

1)escription  of  the  area  of  the  sugar  estate  chosen  for  study. 

The  area  chosen  for  this  study  (see  map  and  Fig.  1)  was  a  part  of 

^  ^ugar  estate  about  one  mile  east  of  Prince's  Town,  Triniddd,  British 

/^^est  Indies,  and  consisted  of  a  set  of  thirteen  barracks  and  their 

^^^mediate  surroundings.    The  barr€w»ks  were  on  a  hill  and  formed  a 

^^finite  unit  set  off  from  neighboring  habitations.    The  barracks  with 

*  Thi«  p^ier  is  the  sixth  of  the  series  on  the  hookworm  inveetigations  of  the 
department  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health,  Johns  Hop- 
^1X8  University,  carried  on  with  the  cooperatioa  of  the  International  Health  Board, 
^^efeller  Foundation. 
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tbeir  yards  were  bounded  on  the  south  by  the  main  road,  ihi  the  east 
by  an  estate  road,  on  the  north  by  a  steeply  sloping  meadow  and  on 
the  wept  by  the  edge  of  a  sugar  cane  field,  part  of  which  was  included 
in  the  study. 


Fl<3.  1.     View  takes  from  tlte  road,  ghoning  the  relation  of  the  ti«n«eki 
to  the  «dge  of  the  cane  field. 

The  slopes  in  this  area  are  quite  steep.  It  is  separated  into  two 
parts  by  a  ridge  running  from  north  to  south,  just  east  of  barrack 
2,  11  and  13.  The  part  east  of  this  ridge  drains  to  the  east  sharply, 
and  that  to  the  west  drains  from  three  directions  into  a  gulley  running 
between  barracks  1  and  13  and  continuing  into  the  cane  field.  At  the 
beginning  of  the  work,  the  drainage  around  the  houses  was  very  poor, 
but  it  was  later  improved  by  the  cleaning  out  of  the  old  ditches  and 


showing  the  Biz«  of  the  c&n«  at  the  be^nnijig  of  tb« 
work  and  the  width  of  the  lowv. 
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the  dig^fing  of  new  ones.  The  soil  was  a  clay  loam  which  adhered 
readily  to  the  feet.  After  a  rain  the  whole  area,  even  in  the  paths, 
was  ver>'  muddy. 


Fio.  3,     View  showing  the  kind  of  cover  afforded  by  the 


Tliere  were  a  few  tree^  around  the  barrncks,  and  dense  grass 
covered  all  the  area.  There  was,  however,  no  cover  except  that  af- 
forded by  the  cane  field  to  the  west.  This  field  was  not  fenced  and 
its  wide  rows  were  easily  entered  (see  Pigs.  2  and  3). 

At  the'  beginning  of  our  investigation  the  buildings  consisted  of 
thirteen  barracks,  a  large  cow  shed,  a  small  shelter  for  cattle  which 
was  soon  torn  down,  and  two  latrines  of  two  units  each.  Later  three 
more  latrines  were  built,  making  a  total  of  five  latrines  of  fourteen 
units.  The  location  of  these  buildings  is  shown  on  the  map.  The 
barracks  were  of  two  general  types,  as  shown  by  Figs.  1  and  4.  Those 
along  the  two  roads  were  new  and  in  good  condition,  but  numbers  11, 

EXPLANATION  OF  MAP  OF  AREA  OF  SUGAR  ESTATE, 
lu  Ihle  map  the  barracks  are  numliered  from  1  to  13.  In  the  (^ane  field  to  the 
left  OD  the  map  the  parallel  lines  iniiicato  the  rows,  which  arc  numbered  conaecu- 
tivelj  from  north  to  south.  The  nmnlior  of  yards  from  the  edge  of  the  cane  field 
is  indicated  by  the  Roman  numerals  along  drain  5.  The  paths  are  shown  by  two 
parallel  lines  and  the  drains  by  dotted  linos.  The  position  of  every  soil  sample 
taken  from  the  area  and  the  iiumt>er  of  infective  hookworm  larvae  pr««ent  in  the 
samples  are  shown  by  the  following  signs ; 

No  larvae^  0  11 —    30  =  rt  100—       ^=   * 

1—10  =  +  31  —  100=  + 
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12  and  X3  were  in  the  last  stages  of  dilapidation,  as  shown  by  Hn 
photograph  of  barrack  13  (see  Fig.  4).  All  had  wooden  floors,  but 
the  open  galleries  were  floored  with  packed  clay. 

Animals  ranging  over  this  area  were  almost  entirely  limited  to 


Till  tbrae  cbildri'ii  from  barrack  13. 
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cattle  and  goats,  which  were  staked  out  to  graze  on  the  luxariouB 
grass,  bat  did  not  have  free  access  to  the  cane. 


YlQ.  6.     Negro  laborer  of  better  type,  showing  bare  feet  covered  with  mud. 


In  all  146  people,  the  estate  laborers  and  their  families,  lived  in 
the  thirteen  barracks.  Of  these,  42  were  negroes  and  104  East  Indiana. 
There  were  42  children  under  12  years  of  age,  and  of  the  remaining 
104  individuals  58  were  males.  Practically  all  the  people,  except  the 
very  young  children,  the  aged  and  those  incapacitated  by  illness, 
worked  in  the  fields.  This  group  of  people  (see  Figs.  5,  6,  7  and  8) 
was  characteristic  of  the  type  of  estate  laborers  found  in  Trinidad. 

Infestation  op  the  people. 
To  discover  the  individuals  infested  with  hookworm  disease  in  this 
area  the  technic  of  diagnosis  commonly  used  in  the  hookworm  cam- 
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paigns  of  the  International  Health  Board  in  the  West  Indies  (Honud, 
1919)  was  used.  This  method  consists  of  the  eKaminaticm  o{  two 
smears  and  the  eentrifugation  of  the  negatives,  followed  by  the 
examination  of  three  smears  of  th^  sediment  before  a  sample  is  finallT 
declared  to  be  negative.  In  order  to  make  it  possible  to  compare  the 
mass  infestation  before  and  after  treatment  an  attempt  was  made  to 


p  of  people  from  barrack  13.    The  little  girl  to  the  left  waa  ii 
'uodition  from  hookironn  disease  complicated  with  malaria. 


roughly  estimate  the  output  of  eggs.  A  record  was  kept  of  whether 
the  particular  specimen  was  positive  on  the  first  or  the  seicond  smear 
or  after  centrifugation.  If  the  specimen  was  positive  on  the  first 
smear,  a  count  of  the  number  of  eggs  present  in  a  smear  22  mm. 
by  16  mm.  was  made.  In  this  way  a  rough  comparative  estimate  was 
made  of  the  intensity  of  the  infestation. 

"We  realize  ofcourse  that  this  method  is  much  less  accurate  in 
estimating  the  reduction  of  infestation  than  the  worm  count  method 
used  by  Darling  and  his  associates  (Darling,  Barbcjr  and  Hacker, 
1!I20).  Bacrmann  (1917(j)  used  the  method  of  comparative  haemo- 
globin estimafcs  to  test  the  result  of  his  treatments  in  reducing  in- 
festation in  the  epidemiologic  studifis  which  he  made  in  Sumatra. 
Since  it  was  not  possible  to  use  either  of  these  methods  under  the 
conditions  of  our  investigation,  we  had  to  be  content  with  a  less 
accurate  measure  of  the  reduction  of  human  infestation. 
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Oat  of  the  146  people  living  in  the  area,  142  were  examined  for 
liookworm  disease.  Of  these  117  were  found  to  be  positive  and  25 
were  nc^tive.  Of  the  positives,  98  were  diagnosed  on  the  first  smear 
with  an  average  of  24  eggs  per  smear,  15  were  diagnosed  positive  on 
the  second  smear,  and  3  after  centrifugation.  A  comparison  of  the 
negroes  and  East  Indians  showed  no  significant  difference  in  the  degree 
of  Infestation.  Also  a  comparison  of  men  and  women  showed  nothing 
Btrikiiig.  Children  under  5  years  of  age  were  found  to  be  much  less 
heavily  infested  than  the  rest  of  the.  population,  for  out  of  18  children 
below  this  age  only  7  were  found  to  b«  positive. 


Fio.  8.     One  of  th*  ol.)  iiii'n  from  bnrrooli  11. 


The  treatment  of  the  people  of  this  area  started  on  July  22d. 
Each  patient  was  given  three  treatments  at  intervals  of  a  week  before 
re-examination,  which  was  made  at  least  ten  days  after  the  last 
treatment.     Each   treatment  consisted   of   a   preliminary   purge   of 
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magnesium  sulphate  administered  at  bed  time,  followed  by  a  small 
dose  of  thymol  at  6  A.M.  the  next  day  and  a  dose  of  oil  of  chenopodium, 
accompanied  by  a  saline  purge  two  hours  later.  Each  dose  of  medicine 
was  administered  by  a  nurse,  and  the  patients  were  kept  under 
observation  for  several  hours  after  treatment.  The  dosage  used  was 
on  the  basis  of  30  grains  of  thymol  or  30  minims  of  oil  of  chenopodium 
for  a  strong  adult  negro.  Treatments  were  prescribed  for  each 
patient  after  a  physical  examination. 

The  record  of  the  re-examinations,  after  treatment,  shows  a  large 
number  of  negatives  and  a  considerable  reduction  in  the  degree  of 
infestation  of  those  still  found  to  be  positive 

Of  the  117  individuals  found  positive  in  the  preliminary  exam- 
inations 110  were  treated,  102  being  given  three  treatments,  3  two 
and  5  only  one.  Of  the  110  individuals  treated  96  were  re-examined 
after  an  interval  of  at  least  two  weeks,  to  drtermine  the  effect  of 
treatment.  Of  these  96  re-examinations  52  were  negative.  Of  the 
positives  24  were  found  on  the  first  slide'  with  an  average  of  2.3 
eggs  per  slide,  13  were  found  on  the  second  slide  and  7  after  centrif- 
ugation.  A  comparison  of  these  results  with  the  preliminary  exam- 
inations showed  that  a  great  reduction  of  mass  infestation  was  brought 
about  by  the  treatment. 

Som  POLLUTION. 

It  was  the  amount  and  general  distribution  of  soil  pollution  over 
this  area  that  first  suggested  that  it  would  make  a  good  place  for  an 
intensive  study.  When  the  first  visit  was  made  on  June  22  there 
were  two  latrines  (latrines  No.  1  and  2),  of  the  type  shown  in  Fig.  9, 
for  the  use  of  the  whole  population.  One  of  these  latrines  was  full 
and  was  in  an  indescribably  filthy  condition.  Feces  was  smeared  all 
over  the  floor  and  in  front  and  along  the  path  leading  from  it.  The 
other  was  not  so  bad,  because'  it  was  apparently  but  little  used.  With 
only  two  latrines  for  a  total  population  of  146,  it  is  not  surprising  that 
soil  pollution  was  found  in  every  accessible  place.  For  the  purpose 
of  discussion,  the  soil  pollution  conditions  will  be  described  first  for 
the  areas  around  the  houses  and  yards,  and  second  in  the  cane  field, 
west  of  the  barracks.  At  different  times  fresh  stools  were  found  in 
almost  every  situation  around  the  barracks  and  in  the  yards.  A 
special  series  of  observations  was  made  around  barrack  13.  Here  on 
a  mound,  just  two  yards  from  the  corner  of  the  house,  fresh  stools 
were  found  day  after  day,  sometimes  as  many  as  four  on  a  day.  Also 
in  the  area  in  front  of  this  barrack  stools  could  always  be  found. 
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In  the  vicinity  of  the  latrines,  especially  around  No.  1,  there  were 
always  fovind  stools.  Soil  pollution  was  common  in  the  grass  along  the 
c^ge  of  the  cane  and  in  the  grass  in  various  places  in  the  yards. 
Stools  were  even  found  in  the  pftths  and  under  the  houses.  The 
ebiidren  were  undoubtedly  responsible  for  most  of  the  pollution  near 


Fio.  9.    Latrine  Dumber  2  at  the  tinie  of  tlie  first,  visit  to  the  area. 

~^**  «  houses.    The  people  said  that  it  was  impossible  to  control  pollution 

3^  the  ehildreti,  which  can  readily  be  understood  when  we  consider 

**«  conditions  under  which  they  live.     The  pollution  in  the  yards 

3  for  the  most  part  scattered  and  not  concentrated  into  definite  spots, 

aieh  were  visited  day  after  day^ 

In  the  sugar-cane  field,   west  of  the   barracks,   conditions   were 

*^tadied  more  intensively,  and  pollution  surveys  were  made  during  the 

^^liole  course  of  our  investigations  in  this  area.    The  method  of  making 

^    pollution  survey  in  the  cane  was  very  simple.     Charts  were  made 

indicating  the  position  of  the  rows,  the  drains  and  the  distances  by 

i'ards  from  the  edge  near  the  barracks  up  to  thirty-five  yards  into 

"ttie  cane.    The  persons  making  the  survey  then  walked  through  this 

portion  of  each  row  and  indicated  on  the  chart  the  position  of  each 

Btool  found.     The  distance  of  the  stools  from  the  edge  was  measured 

by  the  numbe'r  of  paces.     Fifteen  such  surveys  were  made  of  the 

northern  half  of  the  strip  of  cane  bounding  tJie  area  on  the  west  (see 

map),  of  which  seven  were  made  before  the  construction  of  new 

latrines  and  the  educational  work  had  appreciably   influenced  the 

pollution. 
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Chart  1  gives  the  results  of  these  seven  surveys.    These  surveys  will 

be  taken  to  represent  the  original  conditions  in  the  cane  field.    Chart 

2  shows  graphically  the  distribution  of  stools  found  in  the  seven 

original  surveys.    This  diagram  shows  that  while  the  pollution  was 

considerably  scattered  there  were  definite  centers  of  concentration, 

probably  brought  about  by  the  easiness  of  access  and  proximity  to 

the  barracks.    A  number  of  points  in  our  findings  indicated  that  it 

was  a  common  thing  for  a  certain  individual  to  visit  the  same  place 

day  after  day,  which  would  also  tend  to  concentrate  the  pollution. 

This  production  of  pollution  centers  in  the  cane  was  very  important, 

since  in  this  way  were  produced  centers  of  soil  infestation  which  were 

visited  by  the  people  of  the  area.    It  will  be  noticed  from  the  chart 

that  the  great  majority  of  the  stools  were  deposited  within  fifteen 

j^ards  of  the  edge  of  the  cane.    This  holds  for  the  pollution  in  rows 

1    to  5,  as  well  as  elsewhere,  since  there  was  a  large  open  space  in 

tills  corner  of  the  field,  so  that  the  edge  of  the  cane  was  from  five 

to    "twenty  yards  from  the  edge  of  the  field.    In  the  early  surveys  it 

^^ill   be  noticed  that  numbers  of  stools  were  deposited  from  twenty 

to  "thirty-five  yards  from  the  edge  of  the  cane.    This  was  made  possible 

^y   t:he  fact  that  the  cane  was  far  from  full  grown  at  the  time  of  these 

snx— veys,  and  it  was  easy  to  go  down  the  rows  (see  Figs.  2  and  3). 

liater  the  growth  of  the  cane  made  access  to  many  of  the  rows 

P^^^otically  impossible.     This  factor  would  tend  to  increase  the  con- 

^^^tiration  of  pollution  and  therefore  the  danger  of  infestation.    The 

position  of  the  centers  of  pollution,  as  shown  on  Chart  2,  can  be 

^^a.ciily  explained.    Rows  13,  14,  15  and  16  were  fairly  wide,  giving 

easy  access  from  barrack  13,  and  offered  good  shelter.    The  same  con- 

^^tion  with  relation  to  other  barracks  held  good  in  such  rows  as  20, 

7^>   26  and  35.    The  pollution  in  rows  29,  30  and  31  was  concentrated 

^^    a^n  open  space  protected  by  a  fringe  of  cane  at  the  edge.     This 

place  was  very  heavily  polluted  early  in  the  work,  but  later  the 

Pollution  shifted  away  from  here,  as  will  be  described  later.     One 

Chart  1.  This  chart  shows  the  original  seven  pollution  surveys  made  in  the 
^^**^  field  area  before  the  introduction  of  the  educational  campaign.  The  figures 
^  the  left  indicate  the  number  of  yards  from  the  edge  of  the  field.  The  rows  are 
^'^^'Wn  by  parallel  lines,  and  the  numbers  of  the  rows  are  given  along  the  top  and 
.^ttom  of  the  page.  The  position  of  the  drains  is  shown  by  two  parallel  dotted 
^^^a,  and  the  numbers  are  given  in  survey  1.     The  dots  indicate  the  position  of 

*^«&h  human  stools  found  on  the  morning  of  the  surveys.    All  the  surveys  were  made 

^^^  9  to  11  A.  M. 
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explanation  for  this  was  that  while  at  the  beginning  of  our  study  very 
little  grass  was  present  in  this  area,  later  it  grew  up  to  a  heavy 
growth,  which  might  j;iave  easily  become  objectionable  to  those  visiting 
the  place.  The  pollution  center  in  rows  37  to  39  was  an  open  space  at 
the  edge,  where  there  was  no  cover.  While  both  East  Indians  and 
negroes  were  known  to  visit  the  cane,  it  is  to  the  former  that  the 
pollution  of  the  cane  was  chiefly  due.  Besides  the  pollution  shown  on 
the  diagram  there  was  another  center  found  in  row  55,  fifteen  yards 
from  the  edge  of  the  cane.  A  stool  and  evidence  of  previous  pollution 
was  found  at  this  spot  on  June  22,  but  on  no  later  date  were  other 
stools  found,  although  the  place  was  observed  at  every  subsequent 
visit  to  the  area. 

A  possible  source  of  error  in  the  pollution  surveys  was  the  (iiflficulty 
in  determining  how  old  the  traces  of  stool  were.  The  plan  of  the 
survey  was  to  count  only  recent  stools  in  order  tha;t  only  a  single  day's 
pollution  would  be  recorded  in  a  single  survey.  Usually  the  stools 
disappeared  with  remarkable  rapidity,  but  there  was  some  delay  in 
dry  weather.  Usually  after  twenty-four  hours  the  stool  would  be 
leveled  to  the  ground.  In  fact  the  loose  soil  of  the  cane  field,  the 
heavy  rains  and  the  intense  activity  of  the  insects  made  it  possible 
for  a  very  large  amount  of  pollution  to  be  absorbed  into  the  soil  in  a 
short  time. 

Since  it  was  possible  to  accurately  measure  soil  pollution  in  the 
area  of  the  cane  just  described,  it  was  decided  to  continue  the  pollution 
surveys  during  and  after  an  intensive  hookworm  campaign  to  test  the 
results  obtained. 

Conditions  which  might  influence  soil  pollution  in  the  cane  began 
to  act  as  soon  as  we  started  our  work  in  this  area  on  June  22.  It  is 
possible  that  our  early  visits  may  have  had  an  influence  in  keeping  the 
people  from  visiting  the  cane  field,  but  the  pollution  surveys,  up  to 
July  18th,  show  very  little  reduction  in  the  daily  deposit  of  stools. 
At  the  time  of  our  second  visit  to  this  area  on  June  24,  it  was  found 
that  both  the  old  latrines  (Nos.  1  and  2)  had  been  cleaned  and  moved, 

Chart  2.  This  chart  gives  a  siunmary  of  the  surveys  made  in  the  cane  field 
area,  (o)  Summary  of  surveys  1-7  (soe  Chart  1),  which  were  made  before  the 
introduction  of  latrines  and  the  control  measures  reduced  the  amount  of  soil  pollu- 
tion. (6)  Summary  of  surveys  8-14  which  were  begun  on  July  22  after  the  intro- 
duction of  latrines  and  educational  work  had  reduced  soil  pollution  and  were 
eontinned  at  intervals  until  August  31  (sec  Chart  3).  For  further  details  see 
description  of  Chart  1. 
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and  by  about  June  25  were  put  in  fair  shape  for  use.  Soon  after  this, 
work  was  begn^n  on  the  new  latrines,  and  by  July  9th  four  new  units, 
latrine  No.  5,  were  completed  and  in  use.  By^July  15,  the  second 
four  new  units  (latrine  No.  4)  were  completed  and  soon  were  brought 
into  use.  By  July  20  the  last  of  the  new  latrines  (latrine  No.  3)  was 
completed,  and  14  units  in  five  separate  latrines  were  in  use  (see  map) . 
These  latrines  were  in  use  up  to  the  end  of  our  work,  and  although 
they  were  at  times  allowed  to  become  dirty,  they  reprcisented  a  gnat 
improvement  over  the  previous  condition.  That  the  brining  of  these 
latrines  into  use  did  not  at  once  reduce  appreciably  the  pollution  in 
the  cane  is  shown  by  the  surveys  of  July  8  and  July  18,  in  which  there 
was  shown  very  little  if  any  reduction. 


FiQ.  10.  T.vpo  of  latrines  built  bj-  the  manauer  of  the  eatate  during  the  coureo 
of  the  work.  Those  of  the  seat  type  were  reserved  for  the  negroes,  and  of  the  aqnat 
type  for  the  Enst  Indians. 

The  type  of  new  latrines  built  in  this  area  is  shown  in  Pig.  10. 
Special  stalls  were  reservM  for  Ea.st  Indians  and  negroes,  with  signs 
above  the  donrs.  The  units  reson-ed  for  tlie  Indians  had  squatting 
platforms  instejul  of  seats.  The  pits  under  these  latrines  were  about 
six  feet  deep  and  three  feet  wide.  They  were  surrounded  by  banks 
of  earth,  outside  of  whit-h  were  drains  to  divert  the  flow  of  surface 
water  fri)m  tlio  pits. 
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To  supplement  the  introduction  of  the  latrines  educational  work 
was  instituted.  On  July  13  a  trained  East  Indian  was  sent  into  the 
area.  On  this  day  and  several  days  following  he  held  demonstrations. 
In  these  demonstrations  an  attempt  was  made  to  acquaint  the  people 
with  the  effects  of  hookworm  disease,  its  cause  and  methods  of  control. 
Especial  emphasis  was  laid  on  the  relation  of  soil  pollution  to  the 
spread  of  the  disease.  To  aid  in  the  demonstration  this  worker  was 
provided  with  an  album  of  photographs  and  a  series  of  colored  charts, 
showing  in  an  oriental  allegory  the  main  facts  about  hookworm  disease. 
By  arranging  the  demonstration  in  the  afternoon,  after  the  people 
had  returned  from  the  field,  the  great  majority  were  reached.  After 
this  first  series  of  demonstrations  nothing  more  was  done  until  Tuesday 
evening,  July  19,  when  one  of  us  (Payne)  gave  an  illustrated  lecture 
in  the  open  air.  This  lecture  was  divided  into  two  parts,  both  illus- 
trated by  the  lantern.  The  first  part  gave  a  brief  outline  of  the 
cause  and  method  of  control  of  hookworm  disease,  and  the  second  showed 
by  a  series  of  eases  from  Trinidad  the  effects  of  the  disease  and  the 
results  of  treatment.  The  people  were  informed  of  the  lecture  by 
the  field  assistant,  and  an  audience  of  about  250  attended,  in- 
eluding  most  of  the  people  living  in  the  area  being  investigated.  One 
af  tiie  chief  points  made  in  this  early  educational  work  was  that  to 
control  hookworm  disease  cooperation  was  necessary,  that  the  estate 
manager  was  building  the  latrines,  that  the  doctors  would  give  the 
medicine,  and  that  the  part  of  the  residents  of  the  barracks  was  to  use 
the  latrines  and  not  to  pollute  the  soil.  Thei  point  was  constantly 
urged  that  treatments  could  not  start  until  there  was  a  reduction  of 
soil  i>ollution.  The  effect  of  this  educational  campaign  is  shown 
clearly  in  the  striking  reduction  of  soil  pollution  in  the  cane  that  was 
foond  in  the  survey  of  July  22,  when  only  eight  stools  were  found,  as 
compared  with  the  twenty-seven  on  July  18.  Later  surveys,  as  seen 
in  Chart  3,  continued  to  show  this  greatly  reduced  pollution,  up  to 
the  time  of  closing  the  work.  The  latrines  during  this  period  came 
into  constant  use  and  became  quite  dirty.  They  were  cleaned  at  times, 
but  no  regular  system  of  cleaning  was  worked  out.  "While  this  did 
not  influence  the  present  study  it  must  be  pointed  out  that  unless 
latrines  are  kept  reasonably  clean,  it  is  difficult  to  hold  the  ground 
gained  by  the  educational  work  in  the  reduction  of  soil  pollution. 
Treatment  started  July  22  and  continued  for  several  weeks.  From 
this  time  until  the  end  of  our  work  there  was  at  the  barracks  daily  a 
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nurse,  who,  in  addition  to  administering  treatment,  instructed  the 
people  and  answered  questions.  This  nurse  on  Sunday,  August  14, 
gave  a  series  of  microscopical  demonstrations,  showing  adult  ho(*- 
worms,  eggs  and  infective  larvae.  These  demonstrations  were  ac- 
companied by  further  explanations  on  the  methods  of  transmission 
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Chart  3.  This  chart  is  a  curve  to  show  the  reduction  of  soil  pollution  in  the 
cane  field  area,  produced  by  the  introduction  of  latrines  and  th©  educatioDAl  ^<** 
The  abscissa  gives  the  length  of  time  of  the  experiment,  the  units  being  one  day 
each.  The  days  on  which  the  surveys  were  made  are  given.  Along  the  ordinate  is 
indicated  the  number  of  ftools  found. 


and  control  of  hookworm  disease.  During  all  the  work,  there  was  a 
most  hearty  and  interested  cooperation  by  the  manager  of  the  estate- 
The  educational  campaign  just  described  is  the  usual  educational  caJi' 
paign  of  tlie  Trinidad  Ankylostomiasis  Commission  in  an  East  IndiB^ 
district. 
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No  attempt  was  made  to  make  the  methods  more  intensive  than 
those  usually  used.  Therefore,  the  striking  results  in  the  reduction  of 
soil  pollution  obtained  illustrated  (see  Chart  3)  what  can  be  done  by 
the  usual  methods,  and  is  in  reality  merely  a  test  of  the  effect  of  the 
routine  educational  campaign  on  soil  pollution. 

Resui/ts  op  examination  op  soil  samples  por  hookworm  larvae. 

The  original  purpose  of  the  examination  for  hookworm  larvae  of 
soil  samples  from  the  sugar  cane  area  was  to  determine  the  distribution 
of  soil  infestation,  with  the  idea  of  locating  the  exact  sources  of  the 
infestation  of  the  people  of  the  area.  Incidentally  data  were  obtained 
relating  to  the  activities  of  infective  hookworm  larvae  in  the  soil. 

Attempts  to  discover  the  sources  of  human  infestation  usually 
consist  of  (1)  a  more  or  less  accurate  study  of  soil  pollution,  (2)  an 
analysis  of  the  habits  of  the  people  with  regard  to  contacts  with  places 
that  have  been  polluted,  and  (3)  observations  on  the  clinical  side, 
especially  in  regard  to  ground  itch.  Although  information  from  these 
sources  is  important,  all  such  studies  must  be  incomplete  and  often 
misleading,  unless  they  include  an  investigation  of  the  distribution  of 
infective  hookworm  larvae  in  the  soil.  Up  to  the  time  of  the  researches 
of  Baermann  (19176),  the  study  of  the  distribution  of  infective  hook- 
worm larvae  in  the  soil  was  practically  impossible,  because  no  ap- 
paratus had  been  devised  by  which  they  could  be  effectively  isolated 
even  from  comparatively  small  quantities  of  soil.  This  diflSculty  has 
now  been  overcome  (see  Baermann  19176,  and  Cort,  Aekert  et  al., 
1922),  and  it  is  now  possible  to  locate  the  hookworm  larvae  even  in 
comparatively  large  samples  of  soil.  Baermann  (1917a)  in  his  ex- 
tensive epidemiologic  studies  in  Sumatra  utilized  the  apparatus  for  the 
isolation  of  infective  hookworm  larvae  from  soil  in  the  study  of  the 
sources  of  human  infestation  under  a  variety  of  different  conditions. 
Most  striking  were  his  studies  by  this  method  of  the  sources  of  re- 
infestation  in  places  where  intensive  control  campaigns  had  been 
carried  through,  but  where  it  had  been  impossible  to  eradicate  the 
disease.  His  finding  in  this  study  of  unsuspected  and  very  important 
centers  of  soil  infestation,  in  the  wet  spots  inside  of  the  houses  (Baer- 
mann 1917a),  shows  how  impossible  it  is  to  truly  estimate  the  sources 
of  human  infestation  without  examining  the  soil  for  infective  larvae. 

The  method,  which  we  used  to  determine  the  location  of  hookworm 
larvae  in  the  soil,  was  similar  to  that  used  by  Baermann  in  his  in- 
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vestigations.  Samples  of  soil  were  brought  in  from  the  field  in  pint 
tin  cans,  set  up  in  the  isolation  apparatus,  and  on  the  fdlowing 
morning  the  infective  hookworm  larvae  obtained  were  counted.  The 
technic  of  using  the  isolation  apparatus  was  described  in  an  earlier 
number  of  this  series  (Cort,  Ackert  et  al.,  1922).  For  recording  the 
soil  samples  from  the  field  special  blanks  were  prepared  as  shown 
below. 

Soil  Sample  Record. 

No. 


District  House  No,  Area 

Date  Time  BainfaU  for  prior  48  hours 

BesvUt  of  Examination:  Hoolcworm  Larvae  Free  Nematodes 

Location 


8oU  Kind 

Moisture  Content: 

Saturated 

Wet 

Moist 

Slightly  Moist 

'  Dry 

Shade 

No  Shade 

Light  Shade 

Deep  Shade 

Vegetation 

Possible  Sources  of  Pollution 


Danger  to  Inhdbitaiits 


Eemarks : 

These  were  given  serial  numbers  to  correspond  with  numbers  placed 
with  the  soil  in  the  tin  containers  and  the  necessary  information  fiU^ 
in  at  the  tipae  the  samples  were  taken.  The  locations  from  which  the 
samples  were  taken  were  determined  by  the  particular  information 
desired.  Since  experiments  by  Augustine  (1922b)  and  others  of  the 
Trinidad  expedition  had  shown  that  as  long  as  the  soil  is  moisti 
the  infective  hookworm  larvae  were  almost  exclusively  found  at  or 
very  near  the  surface,  only  the  surface  layer  was  included  in  the 
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sample.  Usually  the  dirt  for  a  single  sample  was  obtained  by  scraping 
the  surface  of  a  small  area  or  from  several  small  spots  over  a  some- 
what larger  area. 

In  all  233  soil  samples  were  examined  from  the  area  under  con- 
sideration. It  will  be  impossible  to  include  in  this  account  all  the 
data  from  the  blanks  which  were  filled  out.  A  complete  list  of  the 
samples  and  a  summary  of  the  results  of  the  examinations  is  given 
in  Tables  1  to  7. 

Since  the  soil  of  this  area  was  a  clay  loam,  varying  only  in  the 
percentage  of  clay  present,  the  type  of  soil  in  all  the  samples  was 
practically  the  same.  Since  the  examinations  were  made  during  the 
wet  season  the  soil  was  always  at  least  moist  and  usually  wet  or 
saturated.  The  conditions  of  shade  and  vegetation,  at  the  places 
where  the  samples  were  taken,  seemed  to  be  a  factor  in  the  presence 
of  larvae.  It  was  impossible  to  include  these  data  for  each  sample,  and 
they  will  be  discussed  for  general  groups  of  samples.  Also  the  **  pos- 
sible sources  of  pollution  "  and  **  danger  to  inhabitants  '*  need  not  be 
taken  up  for  each  individual  sample.  In  practically  every  sample 
examined  there  were  found  free  living  nematodes  varying  in  numbers 
from  a  few  to  several  thousand.  In  addition  there  were  found  several 
different  types  of  sheathed  nematode  larvae,  which  were  thought  to 
belong  to  Strongylidae  of  the  cattle  and  goats  on  the  area.  To  aid 
in  the  identification  of  the  infective  hookworm  larvae,  a  few  drops  of 
5  per  cent,  formalin  would  be  mixed  on  the  slide;  this  killed  the 
free-living  nematodes  and  made  it  much  easier  to  study  the  prepara- 
tions. A  more  detailed  account  of  the  technic  of  examining  samples  is 
given  in  an  earlier  number  of  this  series  (Cort,  Ackert  et  al.,  1922). 

It  will  be  noted  from  the  summary  (Table  1)  that  of  the  samples 

from  the  area  159  were  taken  from  the  strip  of  the  cane  field  which 

was  studied,  and  74  were  taken  from  places  near  the  houses  or  in 

the  yards.     The  map  of  the  area  shows  graphically  the  location  of 

the  samples  taken  and  the  approximate  results  of  the  examinations. 

We  will  discuss  first  thei  samples  taken  outside  the  cane  field  and 

later  the  more  intensive  examinations  of  the  strip  of  the  cane  field. 

As  noted  previously  (Cort,  Augustine  et  al.,  1922)  a  large  proportion 

of  the  infective  hookworm  larvae  found  were  unsheathed. 

The  examinations  outside  the  cane  field  developed  into  a  hunt  for 
larvae  and  the  soil  samples  were  taken  with  relation  to  known  polluted 
places,  places  where  pollution  was  suspected  and  places  where  human 
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TABLE  1. 
Summary  of  samples  from  area. 


No. 

Location. 

+ 

Hookwcum  Larvae  Found. 

Sheathed. 

Unsheathed 

Total 

6 

Drain  1 

3 
6 
4* 
5 

4 

3 

^  13 

15 

1 

7 

7 
25 
78 
16 

9 

1 
42 

367 
19 

134 

8 

19 

Drain  2 

67 

19 

Drain  3 

445 

6 
11 

Drain  4 • 

Drain  5 

143 

61 

Drains  1—5 

22 

39 

135 

563 

698 

8 

Rows  2.  3,  4.  6.  8 

2 
1 
0 
7 
11 
8 

6 
13 

5 
24 
10 
11 

59 
495 

93 
172 
238 
601 

217 
153 
111 
196 
180 
1,052 

276 

14 

Rows  14.  15.  16 

648 

5 

Rows  20,  23,  25,  26 

204 

31 

Rows  29.  30.  31 

368 

21 

Rows  35-40 

418 

19 

Rows  55 

,1,653 

1  ' 

98 

Between  Rows 

29 

69 

1.658 

1,909 

13,567 

21 

Around  Latrines 

9 

4 

33 

12 

6 

10 

72 

•   6 

26 

51 
14 

58 

m 

10 

•At  ends  of  cane  paths 

,     20 

43 

Around  houses 

84 

1 

74 

Total  outside  cane 

46 

28 

104 

123 

\    227 

61 
98 

Drains  1-5 

Between  Rows 

22 
29 

39 
69 

135 
1,658 

563 
1,909 

;     698 
3,567 

159 
74 

Total  from  cane 

Total  outside  cane 

51 
46 

108 

28 

1,793 
104. 

2,472 
123 

4,265 
227 

233 

1  otal  area  C 

97 

136 

1,897 

2,595 

'  4,492 

contact  with  the  soil  was  frequent.  In  this  connection  samples  were 
also  taken  from  around  the  latrines  to  test  their  importance  as  possible 
sources  of  infestation.  The  results  of  the  examination  of  these  samples 
are  recorded  in  Tables  2,  3,  4  and  5,  and  the  location  from  wbich 
they  were  taken  is  shown  on  the  map  of  the  area.  The  remarkable 
thing  about  these  results  was  the  small  number  of  larvae  isolated. 
The  findings  from  the  various  types  of  situations  wdll  be  discussed  in 
some  detail. 
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TABLE  2. 
Wet  spots  under  the  gcUleriesi  and  near  barracks. 


208 
,209 

210 

211 
212 
213 
214 
215 

216 
217 

218 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 


tt 

tt 
It 
tt 

tt 

ii 

It 
tt 

tt 


July  25  B.2.    W.  side  N.  of  steps  under  floor  . 
B.2.    At  sides  of  drain  N.  of  house  in 

front  of  second  door  from  E 

B.3.    S.W.  cor.  house  around  water 

barrel 

B.3.    ditto 

B.4.     Next  to  S.E.  cor.  of  house .... 

B.5.    At  S.E.  cor.  of  house 

B.6.    Just  out  from  S.E.  cor.  of  house 
B.7.    Around  boards  directly  W.  of 

house 

B.8.     Directly  W.  of  house ; 

B.9.    Around   bridge  directly  W.  of 

house i 

B.IO.    W.  of  middle  door  in  drain  | 

around  boards | 

Julv  8    B.ll.    S.E.  cor.  gallery,  at  inner  end  of 

bridge  of  iron  pipes 

B.ll.    S.  edge  of  gaUery,  at  inner  end 

of  pipes  across  drain 

B.ll.    2  yards  E.  of  N.W.  comer  of 

gallery  inside  gallery 

B.IL     2  yards  W.  of  S.W.  comer  of 

gallery  in  path 

B.n.    4  yards  S.W.  from   121  along 

path 

B.ll.     5  yards  S.W\  122,  where  path 

from  house  11  joins  path  from  12. . . 
Just  at  edge  of  gallery  of  cowshed 

where  path  crosses  drain 

B.12.    S.E.  cor.  of  gallery,  just  out- 
side, across  drain 

B.12.     At  E.  end  of  gallery  next  to 

house 

B.  12.    Along  outer  edge  of  gallery  next 

to  drain 

B.12.     At  front  of   gallery  in  front  of 

middle  door,  at  iimcr  end  of  bridge . 
B.  12.    In  gallery  E.  of  1st  steps  toward 

W.  against  house 

B.12.     At  inner  end  of  ditch  just  E.  of 

bridge  across  drain  at  W.  end 

B.13.    Just  W.  of  S.W.  corner  past 

house 


1 


0 

0 

0 
0 
0 
0 
0 

0 
0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 
0 
0 
0 
0 
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Date. 

Location. 

I^axrae  Found. 

No. 

Sheathed. 

Unabeathed. 

TotaL 

132 

Julys 

ti 
tt 
tt 

B.13.    3  yds.  W.  of  house,  where  path 
from  house  crosses  drain 

•  • 

•  • 

•  • 

•  • 

■   • 

•  • 

•  • 

•  • 

0 

133 

B.13.    At  edge  of  gallery  just  W.  of  W . 
bridflce 

0  . 

134 
135 

B.  13.    At  edge  of  galleryi  opposite  two 
W.  water  barrels,  inner  end  of  bridge 

B.13.    At  inner  edge  of  drain  along 
gallery,  W.  of  water  barrels 

• 
0 

0 

Stimulated  by  the  findings  of  Baermann  (1917a)  in  regard  to  soil, 
infestation  within  and  near  houses  a  series  of  samples  was  taken  neai 
the  barracks.  Since  all  the  barracks  on  our  area  had  wooden  floors, 
there  were  no  conditions  exactly  comparable  to  the  wet  spots  which 
Baermann  found  inside  the  **pondoks''  in  Sumatra.  Similar  to 
these  places,  however,  were  wet  spots  under  the  galleries,  or  just 
outside  the  shelter  of  the  houses,  often  near  water  barrels  where  the 
people  washed  themselves  or  their  utensils.  Most  of  these  places 
were  shaded  for  all  or  part  of  the  day,  were  constantly  wet  and 
often  visited  by  the  people.  They  were  also  alike  in  being  without 
grass  and  in  the  soil  being  very  solidly  packed.  No  visible  signs 
of  pollution  were  found  at  any  of  these  spots.  Soil  samples,  totaling 
twenty-nine  in  number,  were  taken  from  all  the  places  of  this  type  in 
the  area.  The  results  of  the  examination  of  these  samples  are  given 
in  Table  2.  It  will  be  seen  that  there  were  only  two  positives,  with 
one  larva  each.  An  analysis  of  Baermann 's  findings  in  regard  to  soil 
infestation  of  the  wet  spots  indicates  very  strongly  that  situations 
of  the  type  just  described  would  under  conditions  in  Sumatra  have 
had  a  heavy  soil  infestation.  In  trying  to  explain  the  lack  of  soil 
infestation  of  these  wet  spots  in  our  area  several  possibilities  suggest 
themselves.  In  considering  environmental  conditions  it  would  appear 
that  there  was  plenty  of  moisture  in  these  situations,  and  that  many 
of  them  were  continually  shaded.  The  only  unfavorable  factors  which 
sugf^est  themselves  are  the  type  of  soil  which  was  a  clay  loam,  rather 
solidly  packed,  and  the  lack  of  any  vegetation  on  the  soil.  Since 
there  was  no  evidence  of  pollution  found  at  these  spots  it  is  of 
course  possible  that  hookworm  eggs  and  larvae  were  not  brought  to 
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in  sufficient  quantities  to  produce  soil  infestation.    In  one  respect 

itions  differed  from  those  found  by  Baermann  in  Sumatra,  in 

while  the  people  there  were  accustomed  to  wash  themselves 

defecation,  at  the  wet  spots  within  or  near  the  houses,  in  Trinidad 

the  custom  of  the  East  Indians  to  carry  a  bottle  of  water  to 

the     place  of  defecation  for  this  purpose.     However,  in  view  of  the 

wiclespread  soil  pollution  in  this  area,  even  close  to  the  houses,  and 

of    -fclie  fact  that  the  people  washed  their  feet  at  these  places,  it  is 

hard  to  believe  that  fecal  material  and  larvae  would  not  be  carried 

there. 

TABLE  3. 
Polluted  places  near  harrach  13. 


No. 
147 

I      Date. 

Location. 

I  arvae  found. 

Sheathed. 

Unsheathed. 

Total 

1 
i   July  11 

B.  13.     Mound  W.  of  gallery,  2  yds.  W. 
of  ffallerv  suDoort 

•  • 
• 

•  • 

•  • 

•  • 

2 
3 

•  • 

•  • 

20 

1 
1 

a      • 

•  • 

4 

5 

14 

•  • 

2 
1 

•  • 

•  • 

27 
3 

•  • 

1 

•  • 

0 

148 

m 

150 

li 

B.13.     2  yds.  W.  of  147,  on  mound. . . 
B.13.     1  yd.  S.  of  148,  on  mound .... 
B.13.     1  yd.  S.W.  of  149 

4 

5 

14 

151 

B.13.    3  yds.  S.  of  middle  of  barracks, 
in  path 

0 

152 
153 

B.13.    5  yds.  S.  on  path  from  151 

B.13.     In  polluted  area  in  front  of 
barracks 

4 
4 

219     \    Jvily25 

B.13.     In  polluted  area  in  front  of 
barracks 

0 

220    1 

B.13.     In  polluted  area  in  front  of 
barracks 

0 

221    \ 

B.13.     In   polluted  area  in  front  of 
barraclcs 

47 

222    \ 
©4  \        u 

22b    \         a 

B.13.     In  polluted   area  in  front  of 

1      barracks 

B.13.     In  polluted  area  in  front  of 

barracks 

B.13.     In   polluted   area   in   front   of 

barracks  

B.13.     In   polluted   area   in   front   of 

barracks 

1      ^ 
i     0 

1 

0 

L 

The  results  of  the  examinations  of  a  series  of  samples  from  a 
^ewhat  different  type  of  location  are  shown  in  Table  3.     These 
pies  were  taken  near  barrack  13,  at  places  where  there  was  a 
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considerable  amount  of  soil  pollution.    Samples  147  to  150  were  taket^ 
on  a  mound,  just  west  of  barrack  13.    This  mound  was  a  very  heavily 
polluted  spot,  evidently  a  favorite  place  with  the  children.    It  receiv^^ 
morning  shade  and  was  covered  with  sparse  grass  and  debris  from  t.l3^ 
house.    With  the  amount  of  pollution  here  the  finding  of  three  out    ^ 
four  positive  samples  is  not  surprising.    The  rest  of  the  samples 
Table  3  were  taken  from  an  area  in  front  of  barrack  13  (see  m 
This  area  was  planted  to  tannia,*  grown  up  thickly  with  weeds, 
partly  shaded  by  a  large  cedar  tree.     It  was  constantly  pollu 
especially  by  the  children.    The  findings  from  this  place  show  a  e 
siderable  amount  of  scattered  soil  infestation,  but  certainly  not  co 
mensurate  with  the  amount  of  pollution.    In  fact  in  both  of  the 
from  which  the  samples  in  Table  3  were  taken,  we  were  very  m 
surprised  at  the  small  numbers  of  larvae  found,  as  compared  with 
grossness  of  the  pollution.    It  is  possible  that  here  too  the  conditi 
were  not  the  best  for  the  development  of  the  larvae,  although  tbi. 
small  numbers  might  be  explained  by  the  fact  that  most  of  the 
lution  near  the  house  was  by  children,  who  were  not  as  heavily 
fested  as  the  adults.    The  lack  of  uniform  distribution  of  the  la 
over  the  comparatively  small  areas  near  barrack  13  indicates  t 
they  do  not  migrate  widely  in  the  soil. 

Table  4  gives  the  results  of  the  examination  of  samples  ta 
around  the  latrines.  Samples  1  to  9  were  taken  with  regard  to 
possibility  of  one  of  the  original  latrines  being  a  source  of  infestati 
The  condition  of  this  latrine  (latrine  No.  1)  at  the  time  of  t- 
examination  has  been  described  above.  Since  the  whole  inside 
smeared  with  feces,  and  the  whole  area  in  front  was  polluted  b 
with  whole  stools  and  feces  tracked  from  inside,  it  can  be  seen 
there  was  a  very  great  concentration  of  soil  pollution.  In  considerL 
samples  1  and  2,  taken  directly  in  front  of  this  latrine,  it  is  surprisi 
that  more  larvae  were  not  found.  In  fact,  the  place  where  sampl^^  ^^ 
was  taken  was  almost  constantly  smeared  with  feces,  and  the  f^  ^ 
that  only  two  larvae  were  found  indicates  that  the  situation  w 
unfavorable  for  development.  The  soil  here  was  almost  pure  cla- 
closely  packed  and  without  grass.  It  was  shaded  in  the  momin. 
but  exposed  to  the  direct  rays  of  the  afternoon  sun.  Sample  2  we^^^  ^ 
taken  from  the  same  situation,  only  one  foot  from  1,  but  differed  i  ^  y 
being  taken  around  the  roots  of  a  clump  of  grass.  A  comparison 
the  findings  from  these  two  samples  shows  that  in  clay  soil,  especial! 


en 
he 
a. 
is 
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TABLE  4. 
Near  the  latrines. 


No. 


Date. 


Larvae  found. 


Location. 


1 

June  22 
Aug.  2 

I^atrine  I.* 

*'      II. 
"      II. 
"    III. 
"    III. 
"     IV. 
"     IV. 
"     IV. 
"       V. 
"       V. 

1 
1   ft.   in   front  of  door, 

CTound  bare 

2 
3 

4 
5 
6 
7 
8 
9 
^09 

1  ft.  south  of  1,  in  grass. 

Along  path    1  yd.  from  2 

"      3  yds.   "    2 

11          11        7    ^'        ''9 
a           u      2Q    u        ii      2 
a           ic      J5    u        u      2 

Directly  back  of  middle . 
1  ft.  directly  back  of  8  . . 
Alone  front 

^10 
^02 

In  path  to  south 

Along  path  to  south  from 

1  yd.  to  6  yds 

Alone  front 

^03 
^^04 

Along  path  to  west  of  302 

All  along  front 

Along  path  to  north .... 
Alone  front 

^05 
-506 
^07 

On  path  to  north 

Along  path  to  south .... 
Alone  front 

^08 

Along  path  to  south .... 

2 
19 
14 
2 
3 
8 
2 
7 
2 


32 
3 
1 

» 

1 
3 
4 
1 
4 


2 
9 


2 

61 

17 

3 

4 

11 

6 

8 

6 

0 

0 

0 
0 
2 
10 
0 
0 
3 
0 
0 
0 


packed  hard,  the  presence  of  grass  which  ^ves  protection  and 
^^Dosens  the  soil  will  make  the  situation  favorable  for  the  development 
^^  f  hookworm  larvae.    Samples  3  to  7  are  of  interest,  since  they  show 
^he  possibility  of  the  spread  of  soil  infestation  along  a  path.     The 
l:>ath  was  covered  with  a  dense  grass  and  so  conditions  were  favorable 
lor  development  of  larvae.    It  seems  certain  that  this  latrine  under 
the  conditions  which  existed  prior  to  June  22  was  a  source  of  infesta- 
tion with  hookworms  to  those  visiting  it. 

Samples  300  to  311  were  taken  at  the  most  favorable  places  for 

pollution  and  human  contact  in  connection  with  the  new  latrines 

which  were  installed  in  this  area,  after  they  had  had  time  to  become 

dirty.     There  was  considerable  fouling  of  the  places  from  which 

these  samples  were  taken  before  July  22  when  the  first  treatments 

*  Samples  1  to  9  were  taken  from  oidginal  location,  marked  old  pit  on  map. 
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were  instituted,  so  that  there  was  opportunity  for  considerable  soil 
infestation,  if  the  conditions  had  been  favorable.  The  only  shade 
which  the  situations  had  was  from  the  latrines,  which  was  only 
effective  for  part  of  the  day.  Samples  300,  304,  306,  307  and  310 
were  taken  from  situations  where  there  was  no  grass,  while  the  others 
were  protected  by  grass  of  various  densities.  Of  the  three  positives 
only  one  (300)  was  unprotected  by  grass.  This  indicates  that  the 
larvae  can  occasionally  develop  in  situations  where  there  is  very 
little  protection. 

In  this  whole  series  from  around  the  latrines  the  small  numbers 
of  larvae  found  again  indicate  how  difficult  it  is  for  soil  infestation  to 
develop,  even  with  gross  pollution  by  heavily  infested  individuals, 
when  the  soil  is  a  hard-packed  clay  or  clay  loam.  These  findings  in 
regard  to  latrines  suggest  that  as  a  precaution  against  soil  infestation 
the  area  immediately  around  a  latrine  should,  if  possible,  be  built  up 
with  a  solid  clay  or  cement  platform  and  kept  clear  of  grass. 


No. 


136 

137 

138 

139 
140 

141 
143 

144 

145 
146 


Date. 


July  11 


(( 

(( 

it 
i( 

<( 
t< 

<( 

(( 
(< 


TABLE  5. 
At  ends  of  patJis  into  the  cane. 


Location. 


(( 


39th 


(< 


3oth 


54th  row.    At  edge  of  bank  where  path 

enters  cane 

12  ft.  directly  east  along 

path  fiom  136 

At  c^'ge  of  bank  on  path 

into  cane 

1  yd.  up  path  from  138 .  . 
At  bottom  of  bank  on  path 

into  cane 

On  path  at  top  of  bank. . . 
On  path  two  yds.  east  of 

edge  of  cane 

On  path  at  edge  of  bank  at 

edge  of  cane 

IH  yds.  south  of  144  along  path 

3  yds.  south  of  144  along  path 


(( 


33d 


2d 


(( 


•( 


(( 


it 


11 


it 


K 


Larvae  found. 


1 
1 


7 
2 
2 


Sheathed.     Unsheathed.  '  TotaL 


0 
0 

3 

0 

2 
0 


8 
I      2 


Table  5  p^ives  the  results  of  examinations  of  samples  taken  at  or 
near  the  ends  of  the  paths  leading  into  the  cane  field.    Since  we  had 
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no  evidence  of  pollution  in  these  paths  it  is  probable  that  the  results 
of  the  examinations  illustrate  the  possibility  of  establishing  soil  in- 
festation by  the  transportation  of  hookworm  eggs  and  larvae  on  human 
feet.  All  these  paths  were  covered  with  a  dense  growth  of  grass,  but 
were  otherwise  unshaded.  The  possibility  of  transportation  of  hook- 
worm larvae  on  the  feet  is  brought  out  by  a  series  of  examinations 
of  the  mud  from  the  feet  of  individuals  visiting  the  cane  field,  which 
gave  hookworm  larvae  in  considerable  numbers  (see  Augustine  1922a, 
p.  169). 

To  make  an  intensive  studv  of  the  distribution  of  hookworm  larvae 
in  the  cane  field  to  the  west  of  the  barracks,  a  series  of  159  soil  samples 
was  examined  from  the  heavily  polluted  area  extending  for  over  a 
hundred  yards  along  the  west  side  of  the  barracks  and  for  thirty-five 
yards  into  the  field  (see  map).  A  detailed  study  of  the  soil  pollution 
in  this  area  was  recorded  earlier  in  this  paper  and  should  be  considered 
in  connection  with  the  results  of  the  examination  of  the  soil  samples. 
The  samples  were  taken,  except  in  the  drains,  in  direct  relation  to 
the  centers  of  pollution,  and  a  comparison  of  Chart  2a  with  the  map 
of  the  edge  of  the  cane  gives  graphically  an  idea  of  the  relation 
between  soil  pollution  and  soil  infestation  in  this  area.  Soil  samples 
-were  taken  from  three  general  types  of  situations,  viz.,  (1)  between 
definite  rows  of  cane,  (2)  in  open  spaces  at  the  edge  or  a  short  distance 
back  into  the  cane,  and  (3)  from  the  bottoms  of  the  drains.  The 
summary  of  the  results  of  these  examinations  (Table  1)  shows  a  very 
heavy  soil  infestation,  for  out  of  the  159  samples  examined  only  51 
-were  negative  for  infective  hookworm  larvae,  and  108  were  positive. 
Prom  these  108  positives,  4,265  infective  hookworm  larvae  were 
isolated,  of  which  1,793  were  sheathed  and  2,472  were  without  their 
protective  sheaths.  The  significance  of  finding  such  a  large  proportion 
of  the  infective  larvae  without  their  protective  sheath  has  been  dis- 
cussed in  another  connection  (Cort,  Augustine  et  al.,  1922).  From 
this  intensive  study  of  soil  infestation  in  this  strip  of  cane  field  data 
"were  obtained  on  the  relation  between  soil  pollution  and  sqil  infestation 
and  on  the  activities  of  infective  hookworm  larvae  in  the  soil.  We 
"will  discuss  in  some  detail  the  results  of  the  findings.  For  convenience 
the  findings  from  between  the  rows  will  be  discussed  separately  from 
those  in  the  drains. 

All  the  samples  from  between  the  rows  were  taken  with  relation 
to  definite  centers  of  soil  pollution.    The  results  of  the  examinations 
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TABLE  6. 
From  between  rows  of  oane  field  strip. 


Date  takeu. 

t 

Hookworm  larvae  foimd. 

Sample  No. 

Location. 

No. 
sheathed. 

No. 
im^eathed. 

• 

Total. 

191 

July  18 

R.    2, 

;  32 

•    • 

•   • 

0 

82 

"        4 

R.    3; 

;    1<J 

■    • 

•   ■ 

0 

83 

"        4 

R.    3, 

;  21 

31 

2 

33 

190 

"      18 

R.    3, 

;   33 

16 

66 

82 

84 

"       4 

R.    4, 

;   30 

•  • 

4 

4 

85 

"       4 

R.    4, 

;   35 

■   • 

8 

8 

192 

"     18 

R.    6; 

;   12 

12 

136 

148 

193 

*•     18 

R.    8, 

;  10 

•   • 

1 

75 

"       1 

R.  14, 

;    3 

1 

•   • 

88 

"       4 

R.  H 

;    3 

•  • 

1 

154 

"     13 

R.14, 

;    4 

1 

36 

37 

76 

"       1 

R.  H 

;    6 

•  • 

•  • 

155 

"     13 

R.  14, 

;     7 

2 

9 

11 

77 

"       1 

R.  14, 

;    9 

1 

89 

"       4 

R.  14, 

;  11 

407 

•  • 

407 

78 

"       1 

R.  14, 

;  12 

•  • 

1 

90 

"       4 

R.  15, 

;    5 

2 

4 

6 

156 

"     13 

R.  15, 

;    6 

72 

21 

93 

91 

*'       4 

R.  15, 

;     7 

2 

6 

8 

157 

"     13 

R.  15, 

;    9 

7 

68 

75 

194 

"     18 

R.  15, 

;  13 

*  • 

4 

4 

195 

"     18 

R.  16 

;     7 

1 

2 

3 

196 

"     18 

R.  20 

;  10 

18 

10 

28 

197 

"     18 

R.  23 

;     7 

8 

13 

21 

199 

''     18 

R.  25 

;     5 

2                     1 

3 

198 

July  18 

R.  25, 

;  10 

35 

35 

200 

"     18 

R.  26 

;    7 

65                   52 

117 

201 

"     18 

R.  28 

;    3 

1       i 

1 

202 

"     18 

R.  28, 

;    5 

3 

14 

17 

50 

June  29 

R.  29, 

;    8 

•  •                                         •  • 

0 

68 

July     1 

R.  29 

;    8 

1 

1 

203 

"     18 

R.  29 

;  10 

35         ■            5 

40 

158 

"     13 

R.  29 

;    8 

2 

14 

16 

16 

June  24 

R.  30, 

;     1 

2                    10 

12 

159 

July  13 

R.  30, 

;     1 

2 

2 

17 

June  24 

R.  30, 

;    2 

5                   31 

36 

18 

"     24 

R.  30, 

;    3 

2 

2 

19 

"     24 

R.  30, 

;    5 

8                   21 

29 

160 

July  13 

R.  30 

;    6 

•   •                                          •   • 

i 

0 

161 

"     13 

R.  30 

:     7 

1 

•    •                    1                        •    • 

0 

20 

June  24 

R.  30, 

;     7 

2                   24 

26 

162 

July  13 

R.  30, 

;  10 

•   • 

8 

8 

21 

June  24 

R.  30, 

;  10 

7                   13 

20 
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TABLE  6 — Continued. 


DateUken. 

Location. 

Hookworm  larvae  found. 

X 

No. 
sheathed. 

1           No. 
unaheathed.    i 

Total. 

(( 

24 

R.  30, 

;  13 

•  • 

7         i 

7 

« 

27 

R.  30, 

;  16 

15 

2      ; 

17 

July 

13 

R.  30, 

;  18 

•  • 

1      ! 

1 

June 

24 

R.  30, 

;  19 

1             6 

1           13         i 

19 

i      July 

13 

R.  30, 

;  22 

29 

'         -*      ', 

33 

June  27 

R.  30, 

;  22 

'           16 

;       '^     ' 

23 

i        " 

27 

R.  30 

;  25 

18 

7     ; 

25 

;     July 

13 

R.  30, 

;  27 

1 

I                                         •      • 

1 

1 

1      June  27 

R.  30, 

;    28 

10 

!         5      ! 

15 

;      June  29 

R.  30, 

;    33 

'                                •    • 

•  • 

0 

« 

29 

R.  30 

;    38 

•     • 

•  • 

0 

(1 

29 

R.  30, 

;   43 

•     • 

•  • 

0 

t* 

29 

R.  30, 

;  48 

1 

•  • 

•  • 

0 

1     July 

13 

R.  31, 

;.   5 

5 

•  • 

5 

1      June  29 

R.  31; 

;  10 

7 

5 

12 

'      July 

13 

R.  35, 

;    4 

!          20 

•   •                  1 

20 

It 

13 

R.  35, 

;    0 

2 

'          15         1 

17 

tt 

13 

R.  37, 

,    1 

i             2 

1                     *  *                  1 

2 

I         tt 

6 

R.  37; 

;    2 

1           13 

•  • 

13 

1         << 

13 

R.  37; 

;    3 

1 

4         { 

4 

ti 

1 

R.  37, 

;    3 

•   • 

1                       *   * 

0 

1         " 

6 

R.  37 

,      4 

36 

1            6         ! 

42 

tt 

1 

R.  37, 

;    0 

•   • 

1                      *   * 

0 

It 

R.37, 

;    9 

1 

•   • 

• 

0 

tt 

18 

R.  37, 

;  12 

1         161 

150 

311 

«( 

13 

R.  3S, 

;     1 

•   • 

t 

0 

1 

tt 

1 

1 

R.  38 

;      1 

•    • 

0 

!      July 

13 

R.  38 

;     3 

•    • 

,   , 

0 

t% 

6 

R.  38, 

;      4 

,   , 

•   • 

0 

1         " 

18 

R.  38, 

;     8 

■   • 

1 

1 

!           « 

1 

13 

R.  39, 

;      1 

,    , 

•   • 

0 

1           " 

1 

6 

R.  39, 

;     2 

3 

j             1 

4 

1           tt 

1 

13 

R.  39, 

;    3 

1 

•   • 

*   *                   1 

0 

1               u 

6 

R.  39, 

•     4 

J             1 

3       ; 

4 

tt 

18 

R.  40, 

0^ 

1 

1 

•  •               1 

0 

tt 

18 

R.  40 

;     9 

1 

•   • 

•  • 

0 

June  29 

R.  55, 

;      1 

1 

1 

•  ■               1 

0 

June  29 

R.  55 

;    3 

1 

•  • 

0 

tt 

29 

R.  55, 

;      / 

1                       '   * 

•  • 

0 

tt 

29 

R.  53 

;  10 

•  • 

0 

July 

13 

R.  55 

;  11 

•   • 

•  • 
•                                     1 

0 

ft 

13 

R.  55, 

;  13 

1                      *   * 

*  * 

0 

June  22 

R.  55, 

;  i4i 

17 

1         126 

1 
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TABLE  6 — Continued, 


Date  taken. 

Hookwonn  larvae  found. 

Sample  No. 

Location. 

No. 
sheathed. 

No. 
unaheatbed. 

TotaL 

65 

July    1 

11.55, 

;   14i 

208* 

209* 

417 

10 

June  22 

R.  55, 

;  16 

312* 

625* 

937 

64 

July     1 

R.  55] 

;  15 

18 

35 

53 

186 

"     13 

R.  55, 

;  15 

•  • 

9 

9 

12 

June  22 

R.  55; 

;  15^ 

20 

17 

37 

67 

July    1 

R.  55; 

15» 

14 

10 

24 

13 

June  22 

R.  55, 

;  16 

7 

10 

17 

66 

July    1 

R.  55, 

;  16 

•  • 

1 

1 

14 

June  22 

R.  55, 

;  17 

5 

7 

12 

62 

"     29 

R.  55 

;  17 

•   • 

•  • 

0 

15 

"     22 

R.  55 

;  19 

•   • 

3. 

3 

63 

"     29 

R.  55 

;  20 

•  • 

•     « 

0 

*  Approximate  count  and  estimate. 
U%ft.no(rtli  from  10. 

*  1  yd.  Bouth  from  10. 

of  these  samples  are  given  in  Table  6.  A  study  of  this  table  in  con- 
nection with  the  map  of  this  area  will  give  a  pretty  dear  idea  of  the 
distribution  of  soil  infestation  in  the  cane.  Most  striking  perhaps  is 
the  very  large  number  of  larvae  isolated  from  this  area  and  their 
concentration  at  places  of  intense  pollution. 

That  even  in  the  cane  area  soil  infestation  is  definitely  limited  by 
the  effect  of  the  environment  on  the  development  of  the  larvae  is  shown 
by  the  comparison  of  soil  pollution  with  soil  infestation.     A  verj 
striking  example  of  this  point  is  the  condition  at  the  open  space,  at 
the  edge  of  the  cane,  at  rows  37,  38  and  39.    This  area  extended  about 
four  yards  back  from  the  edge  and  during  the  early  examination  was 
practically  without  vegetation.    The  ground  at  this  place  was  packed 
hard  and  there  was  a  high  proportion  of  clay  in  the  soil.    This  place, 
with  an  area  of  about  twenty-four  square  yards,  as  can  be  seen  from 
Chart  2a,  was  the  most  heavily  polluted  spot  in  the  cane  field,  for 
in  the  seven  original  pollution  surveys  a  total  of  thirty-two  stools  were 
recorded.    Yet  the  examination  of  Table  6  shows  that,  as  compart 
with  other  pollution  centers,  it  had  a  very  light  soil  infestation.  ^ 
total  of  thirteen  soil  samples,  on  three  different  days,  July  1,  6  aoa 
13,  were  taken  from  this  place,  viz.,  samples  169,  102,  181,  79,  ^^^ 
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170,  104,  182,  105,  171,  106,  183,  107.    Seven  of  these  were  negative 
and  six  positive.    Only  one  of  the  positives  (No.  103)  had  more  than 
a  few  larvae  in  it,  which  might  be  explained  by  the  fact  that  this 
sample  was  taken  from  the  bottom  of  a  shallow  hole  which  was  some- 
what protected  and  received  drainage  from  around.    The  only  explana- 
tion we  are  able  to  suggest  for  this  very  small  soil  infestation,  from 
a  very  heavy  soil  pollution  by  individuals  infested  with  hookworms, 
is  the  hard  packed  character  of  the  soil  and  the  open  unprotected 
character  of  this  place,  where  there  was  no  shade  and  practically 
no  grass  or  weeds.    A  comparison  of  the  soil  infestation  of  this  place 
with  that  of  other  less  heavily  polluted  spots  in  the  cane,  which 
were  protected,  shows  clearly  the  importance  of  shade  and  vegetation 
in  producing  conditions  favorable  for  the  development  of  hookworm 
larvae.    Such  a  finding  illustrates  how  impossible  it  is  to  judge  soil 
infestation  or  the  sources  of  human  infestation  by  the  distribution  of 
soil  pollution  alone,  since  not  pollution,  but  pollution  plus  proper  con- 
ditions for  development,  make  soil  infestation  possible. 

The  findings  from  the  soil  samples  in  the  cane  field  give  some 

significant  data  on  the  question  of  the  migrations  of  the  infective 

hookworm  larvae  from  the  place  of  their  development.     The  soil  of 

the  cane  is  a  loose  clay  loam,  containing  a  considerable  proportion  of 

humus,  and  so  light  that  it  would  appear  to  give  a  favorable  medium 

for  the  migration  of  any  living  organism  found  in  it.    The  ordinary 

conception  is  that  infective  hookworm  larvae   are  able  to  migrate 

actively  to  an  appreciable  distance  from  their  place  of  development 

and  infest  the  soil  over  a  considerable  area.     If  this  were  true  we 

would  have  expected  to  find  a  fairly  even  distribution  of  the  larvae 

over  large  portions  of  the  area  examined.    Instead  of  this  the  results 

show  a  very  definite  localization  of  soil  infestation  at  the  places  of 

soil   pollution.     In  a  number  of  eases  of  two  samples  taken   close 

together  one  gave  a  large  number  of  larvae  and  the  other  was  negative 

or  contained  but  few  larvae.     Several  examples  from  Table  6  will 

serve  to  illustrate  this  point.    In  row  14  samples  77,  89  and  78  were 

taken  from  the  center  of  the  row  within  a  radius  of  three  yards. 

From  No.  89,  407  infective  hookworm  larvae  were  isolated,  while  the 

other  two  contained  only  one  each.     Further  examples  of  the  same 

thing  can  be  obtained  from  the  records  of  the  examination  of  soil 

samples  from  rows  29,  30  and  31.    In  these  three  rows  there  was  an 

area  of  heavy  soil  pollution  especially  in  an  open  space  from  about  two 
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yards  to  ten  yards  into  the  cane.    Yet  within  this  area  of  gene: 
soil  pollution  and  soil  infestation  certain  samples  taken  were  found 
be  negative  or  almost  so.    This  is  strikingly  illustrated  by  samp 
50,  68  and  18.    Perhaps  the  best  example  from  this  area  of  failure 
migrate  is  shown  in  the  results  of  the  series  of  samples  taken  in 
55.    In  this  row,  on  June  22,  937  hookworm  larvae  were  isolated 
a  pint  of  soil  taken  from  a  pollution  spot  15  yards  into  the  cane,  a 
on  July  1,  417  were  found  within  the  same  pollution  center.    H 
definitely  localized  this  center  of  soil  infestation  was  is  shown 
the  results  of  the  examination  of  samples  taken  on  both  the  abc^ 
dates  near  the  center.    Samples  12,  64,  67,  13,  66,  14  and  62,  tak:: 
from  row  55,  illustrate  this  point,  since  they  show  almost  no  gene 
migration  from  this  center.    These  specific  instances,  coupled  with  ^ 
general  localized  distribution  of  soil  infestation  in  the  cane,  show  tl 
under  the  conditions  in  this  strip  of  cane  where  everything  appeaK 
favorable  for  migrations,  the  infective  hookworm  larvae  stayed  cl 
to  the  point  of  development.    There  is  some  evidence  that  they  w 
carried  about  by  water,  but  on  the  whole  soil  infestation  was  v( 
much  localized.    This  finding  was  supported  by  a  series  of  experime 
by  Augustine  (1922a)  which  showed  that  under  a  variety  of  conditicrs 
infective  hookworm  larvae  do  not  migrate  to  any  appreciable  distam-^ 

Certain  data  were  obtained  from  examination  of  the  soil  samp^ 
from  the  strip  of  cane  listed  above,  which  indicated  that  infect  J 
hookworm  larvae  die  out  rather  quickly  in  the  soil.    While  the  nm^ 
bers  of  larvae  found  in  the  samples  were  quite  large  it  struck  us  ea 
in  the  work  that  if  the  infective  hookworm  larvae  could  live  foi 
year  or  more  in  the  soil,  that  with  the  gross  daily  pollution  of  t 
field,  bv  individuals  heavilv  infested  with  hookworm,  the  numb 
of  larvae  present  at  these  polluted  spots  would  be  exceedingly  lar 

Data  from  two  particular  centers  of  soil  pollution  also  support  t 
view.     For  some  reason  in  June  and  early  July  there  was  an 
preciable  shifting  of  soil  pollution  away  from  the  area  in  the  cane, 
eluding  row^  29,  30  and  31.    This  has  been  noted  earlier  in  the  sectE^ 
on  soil  pollution.     Our  records  show  that  this  reduction  in  pollutff- 
was  quickly  reflected  in  a  reduction  in  numbers  of  larvae  isolat^ 
from  samples  taken  from  this  area.     This  is  brought  out  by  a  co 
parison  of  the  samples  taken  from  row  30  on  June  24  and  27  with  t 
series  taken  from  the  same  row  on  July  13.     The  twelve  samp 
t^ken  at  the  earlier  dates  gave  100  per  cent,  positives  with  a  tot  -^ 
of  213  larvae,  or  19.2  larvae  per  sample.     The  seven  samples  take^^ 
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TABLE  7. 
From  drains  of  cane  field  strip. 


1 

ro. 

Date  taken. 

nook  worm  larvae  found. 

I^ocation. 

No.           1           No. 
sheathed.       i    unsheathed. 

i 

Total. 

July    4 

D.  1;     8 

1 
1 

0 

"       4 

D.  1; 

17 

4 

4 

"       4 

D.  1; 

25 

•   •                                          ■   • 

0 

"       4 

D.  1; 

;    33 

3         1 

3 

"       6 

D.  1; 

;   42 

•   • 

1 

1 

"       6 

D.  1; 

;    50 

•   • 

•  • 

0 

June  24 

D.  2; 

I 

1 

0 

"     24 

D.  2, 

,     6 

'              2 

1              ^ 

2 

July  13 

D.  2; 

8 

1          1              1 

1 

2 

June  24 

D.2, 

,    11 

..     1       1 

1 

"     24 

D.  2, 

;  16 

•   • 

3 

3 

July  13 

D.  2, 

;  17 

4         1 

4 

June  24 

D.  2 

;  21 

2         1           19 

21 

July  13 

D.  2 

;  25 

•  • 

•   • 

0 

June  24 

D.  2 

;  26 

•  • 

6 

e 

'•'     24 

D.  2^ 

;  31 

•   • 

•   • 

0 

July  13 

D.  2 

;   33 

•   • 

1 

1 

June  27 

D.2 

;   33 

9 

*   • 

9 

"     27 

D.  2 

;  42 

2 

•  • 

2 

"     27 

D.2 

;    50 

5         1 

5 

"     27 

D.2 

:    55 

•   • 

•   • 

0 

"     29 

D.2 

;  67 

1 

9 

10 

"     29 

D.2-    75 

•  • 

•   • 

0 

July     1 

D.2,    83 

•   • 

■   • 

0 

"       1 

D.2, 

;   92 

1 

1 

June  27 

D.  3, 

;      1 

3                      1 

4 

July  13 

D.  3, 

;     5 

1 

•  • 

1 

"     13 

D.  3, 

;     8 

1 

247 

248 

June  27 

D.  3 

;     8 

24 

13 

37 

"     27 

D.  3, 

;   17 

9         1             4 

13 

July  13 

D.  3, 

;   17 

3 

20 

23 

June  27 

D.  3, 

;  25 

10 

4 

14 

July  13 

D.  3, 

;  25 

2 

•   • 

2 

June  27 

D.  3, 

;    33 

11         1             1 

12 

July  13 

D.  3 

;  33 

3 

3 

June  27 

D.  3 

;  37 

2 

•       • 

2 

"     27 

D.  3 

;    40 

1 

3 

4 

"     29 

D.  3 

;    50 

;          4 

1 

50 

54 

July     1 

D.  3 

;    50 

;      6 

21 

27 

June  29 

D.  3 

;    58 

1 
1 

•   • 

0 

"     29 

D.  3 

;   67 

1 
1 

•   • 

0 

July     1 

D.  3 

;   75 

1 

1 

•  ■ 

0 

"       1 

D.  3 

;    83 

1 

i      1   ■ 

1 

•   • 

1 
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TABLE  7 — Continued. 


/ 

Date  taken. 

Hookworm  larvae  found. 

Sample  No. 

Location. 

No. 
sheathed. 

No. 
ttnaheathed. 

r 

72 

July    1 

D.  3; 

165 

•    • 

•    • 

108 

"       6 

D.  4; 

8 

16 

19 

109 

"       6 

D.4; 

;  17 

•  • 

110 

"       6 

D.4, 

;  25 

•  • 

111 

"       6 

D.4i 

;   33 

•  • 

112 

"       6 

D.4, 

;  42 

•   • 

113 

"       6 

D.4, 

;    50 

•  • 

114 

'*       6 

D.  5, 

;    5 

1 

32 

187 

July  13 

D.  5, 

1      5 

•  • 

8 

96 

"       4 

D.  5; 

;    8 

2 

85 

188 

"     13 

D.  5, 

;    9 

•  ■      • 

1 

115 

"       6 

D.  5, 

;  12 

4 

7 

189 

"     13 

D.  5, 

;  13 

2 

•  • 

97 

*'       4 

D.  5, 

;  17 

•  ■ 

98 

"       4 

D.  5 

:   25 

•  • 

99 

'*       4 

D.  5, 

;    33 

1 

116 

'*       6 

D.  5, 

;  42 

•  • 

117 

"       6 

D.  5 

;   50 

•  • 

Total 


0 
35 

0 

0 

0 

0 

0 

33 
8 

87 
1 

11 
2 
0 
0 
t 
O 

o 


on  July  13  gave  five  positives  with  a  total  of  45  larvae,  or  an  av^    .^^ 
of  9  larvae  per  sample.    More  striking  still  in  this  connection  ar^     ^ 
findings  from  the  samples  taken  in  row  55.    A  fresh  stool  and  evid^^  ^^^ 
of  former  pollution  were  found  at  a  place  about  fifteen  yards  C'^     y 
the  edge  of  this  row  on  June  22.    Although  this  place  was  inspe^^    ^ 
on  each  subsequent  visit  to  the  area,  no  further  evidence  of  poUu^^^  ^^ 
was  found.    The  results  from  samples  11,  65,  10  and  64,  taken  it^     -^ 
row  55,  show  a  very  intense  center  of  soil  infestation  present  at  "t^^^ 
place  on  June  22  and  July  1.     Sample  No.  186,  taken  on  July    ^' 
gave  only  nine  larvae,  and  subsequent  samples  from  this  place  s 
showed  a  complete  dying  out.    The  sample  of  July  13  was  taken  o^^^ 
the  whole  area  of  former  soil  infestation  from  about  14Vo  to  1^^^    c 
yards  down  this  row,  and  in  our  estimation  gives  a  fair  test  of  ^     ^^ 
reduction  of  soil  infestation.    Since  the  last  pollution  recorded  in  t  ^  ^  . 
spot  was  on  June  22  this  record  shows  an  enormous  reduction  in  ^         , 
infestation  in  a  period  of  only  about  three  weeks.    These  observatic^ 
on  shortness  of  life  of  infective  hookworm  larvae  led  to  the  planuL 
and  carrying  out  of  a  more  comprehensive  field  experiment,  to  t 
in  this  strip  of  cane  the  reduction  in  soil  infestation  which  folio- 
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only  occasional  and  not  comparable  to  that  in  the  cane  strip.  It  seems 
to  lis,  therefore,  that  the  chief  cause  of  the  heavy  infestation  of  the 
people  of  this  area  with  hookworms  was  the  habit  which  many  of  them 
liad  of  visiting  certain  spots  near  the  edge  of  the  cane  field  for  the 
XJurpose  of  defecation. 

XPERIMENTAL  STUDY  OP  THE  REDUCTION   OF  SOIL  INFESTATION  IN   THE 

CANE  FIELD. 

The  data  from  the  original  examinations  of  soil  samples,  noted 
^bove,  which  indicated  a  rapid  dying  out  of  larvae  in  the  soil,  stim- 
xiilated  us  to  carry  out  a  field  experiment  along  this  line.  The  strip 
of  cane,  west  of  the  barracks,  which  had  been  studied  so  intensively 
:IFor  soil  pollution  and  soil  infestation,  was  chosen  for  this  experiment. 
Ihe  plan  of  the  experiment  was,  first  to  bring  about  a  decrease  in 
trie  number  of  hookworm  eggs  deposited  on  this  area,  and  to  make 
Examinations  of  soil  samples  at  intervals  to  determine  the  effect  in 
t*  educing  soil  infestation.  Two  methods  were  used  in  reducing  the 
c3eposit  of  hookworm  eggs  in  this  area.  The  first  was  the  attempt 
bo  reduce  soil  pollution  by  the  introduction  of  latrines  and  educational 
the  successful  results  of  which  are  recorded  earlier  in  this 
aper.  The  other  was  by  treatment  to  reduce  the  mass  infestation  of 
lie  people  of  this  area  and  consequently  to  reduce  their  output  of 
^gs.  The  reduction  of  the  soil  pollution  began  between  July  18  and 
uly  22  and  there  was  never  any  return  to  the  previous  conditions 
C  see  Chart  3).  The  first  treatments  were  started  on  July  22.  There 
therefore  between  July  22  and  August  1  an  enormous  reduction 
the  numbers  of  eggs  deposited  in  the  strip  of  cane  under  con- 
deration. 

The  next  step  was  to  work  out  some  method  by  which  it  would 

possible  to  measure  the  reduction  of  soil  infestation.    It  was  decided 

"to  select  from  the  most  heavily  infested  places  in  the  strip  of  cane 

thirty-six  spots  for  examination  and  to  compare  the  findings  from 

samples  taken  at  intervals  from  these  places.     Table  8  gives  the 

location  of  these  spots  chosen  for  examination.     Each  of  the  places 

\)etween  rows  had  an  area  of  from  two  to  four  square  yards  and  was 

staked  off  at  the  time  when  the  first  series  of  samples  was  taken. 

For  the  experimental  places  in  the  drains  the  stakes  were  set  about 

three  yards  apart.    In  taking  a  sample  from  these  places  small  bits 

of  the  surface  were  scraped  off  at  intervals  over  the  whole  area.    This 
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method  of  taking  samples  in  connection  with  the  lai^e  size  of  the  ex- 
perimental areas  made  it  certain  that  the  taking  of  a  single  sample 
would  not  appreciably  diminish  the  soil  infestation  of  the  area. 

The  first  series  of  thirty-six  samples  from  these  areas  was  taken 
on  July  13  and  July  18,  before  the  reduction  in  soil  pollution  started 
and  before  treatments  had  been  instituted.  The  records  of  infective 
larvae  from  this  series  show  a  very  intense  soil  infestation  on  this  date 
(see  Table  8).  Of  course  it  is  impossible  to  know  the  age  of  the 
larvae  at  the  various  places  where  the  infestation  was  found.  It  is 
perfectly  evident  that  the  larvae  infesting  the  sum  total  of  these  areas 
would  contain  all  ages,  and  only  a  comparatively  small  proportion 
of  them  would  be  newly  developed  at  the  time  of  the  first  examination. 
Especially  would  this  be  true  in  certain  areas  such  as  Bows  29,  30 
and  31,  on  which,  as  noted  earlier,  there  had  been  a  considerable  re- 
duction in  pollution  prior  to  July  13.  It  is  therefore  evident  that 
the  rate  of  reduction  in  the  numbers  of  the  larvae  from  this  exper- 
imental area  would  be  more  rapid  than  in  an  experiment  in  which  the 
larvae  would  all  be  fresh  from  cultures  at  the  start. 

The  second  series  of  examinations,  which  was  made  on  August  8 
(see  Table  8),  a  little  less  than  three  weeks  after  the  reduction  of 
pollution,  gave  most  striking  results.  There  was  a  reduction  of  about 
93  per  cent,  in  the  larvae  found,  and  a  number  of  samples  were 
negative.  Especially  significant  is  the  fact  that  the  findings  from  the 
samples  from  Rows  29,  30  and  31,  where  a  reduction  of  pollution 
before  July  13  had  been  noted,  were  all  negative.  The  records  from 
the  examinations  made  on  August  22  showed  still  further  reductions 
in  the  numbers  of  larvae,  and  those  of  September  5,  made  about  six 
weeks  after  the  reduction  of  soil  pollution,  showed  an  almost  complete 
dying  out  of  the  larvae,  only  seven  larvae  being  isolated  from  the 
whole  thirty-six  samples.  In  other  words  in  less  than  six  weeks  this 
whole  strip  of  cane  had  by  the  practical  elimination  of  the  deposit  of 
hookworm  eggs  been  changed  from  a  dangerous  ground-itch  spot  to 
a  place  where  it  was  difficult  to  find  any  infective  hookworm  larvae 
in  the  soil. 

An  examination  of  Table  8  shows  that  there  was  a  more  rapid 
reduction  of  larvae  in  the  area  south  of  drain  2.  An  examination 
of  the  pollution  surveys  (Charts  1  and  2)  shows  that  even  before  the 
educational  work  there  was  a  shifting  of  pollution  away  from  this 
part  of  the  field,  and  that  in  the  later  surveys  most  of  the  stools  were 
deposited  north  of  this  line. 
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TABLE  S. 
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The  reduction  in  the  numbers  of  larvae  in  the  drains  is  especially 
significant  since  they  reflect  the  general  soil  infestation  of  the  area 
which  they  drain.  The  first  series,  from  drains  of  the  experimental 
area,  was  taken  on  July  13.  Already  the  results  from  drains  2  and  5 
showed  some  reduction  over  previous  examinations.  The  results 
from  drain  3  were  especially  striking.  Up  to  and  including  July  13 
fourteen  samples,  all  positive,  had  been  taken  from  the  first  50  yards 
along  this  drain,  with  the  high  average  of  32  larvae  per  sample.  The 
rapid  and  complete  reduction  in  the  numbers  of  larvae  from  this 
drain  is  shown  in  Table  8.  These  particular  instances  and  the  general 
and  widespread  dying  out  of  the  infective  hookworm  larvae  from  this 
strip  of  cane  field  show  that  it  was  only  a  matter  of  six  weeks  after 
the  elimination  of  soil  pollution  until  the  infestation  of  the  soil  prac- 
tically died  out. 

This  evidence  on  the  shortness  of  life  of  infective  hookworm  larvae 
in  the  soil  under  tropical  conditions  is  supported  by  the  findings 
from  another  field  exeriment,  under  quite  different  conditions  (Cort 
and  Payne,  10226),  and  a  series  of  laboratory  experiments  (Augustine, 
1922c).  So  that  the  conclusion  can  be  drawn  that  under  tropical 
conditions,  where  the  high  temperatures  are  favorable  to  great  activity 
of  the  hookworm  larvae,  their  life  in  the  soil  is  quite  short. 

Summary. 

1.  x\n  intensive  epidemiologic  study  was  made  of  an  area  with 
a  high  incidence  of  hookwonn  disea.«e,  in  a  sugar  estate  in  Trinidad, 
British  West  Indies,  to  determine  the  exact  sources  of  human  in- 
festation and  to  learn  the  effect  on  luiman  infestation,  soil  pollution 
and  soil  infestation  of  a  control  campaign. 

2.  Of  the  142  people,  lK)th  East  Indians  and  negroes,  examined 
from  the  area  chosen  for  study,  117  were  found  to  be  infested  with 
hookworms. 

3.  A  series  of  three  treatments  greatly  decreased  both  the  number 
of  positives  and  the  total  mass  infestation  of  these  people. 

4.  Soil  i)ollution  was  widespread  and  very  gross  in  this  area,  being 
especially  concentrated  at  certain  easily  accessible  places  in  the  cane 
field,  to  the  west  of  the  barracks,  w^here  the  people  lived. 

5.  Surveys  of  the  pollution  in  the  cane  field  showed  a  great  reduc- 
tion after  the  building  of  an  adequate  number  of  latrines  and  the 
carrying  on  of  an  educational  campaign. 
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TABLE  8. 
Data  thowing  redutOon  of  toil  infestation  in  the  txtne  field  rtrip. 
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Introduction. 

Since  the  production  of  cocoa  is  one  of  the  chief  industries  of 
Trindad,  British  West  Indies,  it  was  of  interest  during  our  investiga- 
tion there  to  study  the  conditions  influencing  the  spread  of  hookworm 
disease  on  a  cacao  estate.  The  objects  of  this  study  were  two-fold, 
viz.:  (1)  to  locate  the  sources  of  human  infestation  and  (2)  to  deter- 
mine the  reduction  of  soil  infestation  produced  in  localized  centers 
of  pollution  in  a  cacao  grove,  after  the  treatment  of  the  people  who 
visited  these  spots. 

Description  op  area. 

For  this  study  a  part  of  an  estate  was  chosen  which  was  located 
about  five  miles  from  our  laboratory.  This  area  included  two  bar- 
racks and  one  detached  dwelling,  the  yards  surrounding  the  houses 
and  that  part  of  the  cacao  grove  immediately  back  of  the  two  bar- 
racks (see  map).  The  cacao  grove,  which  was  thickly  planted  with 
full-grown  trees  and  shaded  by  large  immortel  trees,  was  easily  entered 
by  two  paths  from  the  barracks.  The  detached  house  which  was  the 
home  of  the  negro  driver,  his  wife  and  five  children,  was  in  good 
repair,  but  the  two  barracks  were  quite  dilapidated.  The  barracks 
were  inhabited  by  East  Indian  laborers,  of  the  same  type  as  those 
on  the  sugar  estate  described  in  number  six  of  this  series  (Cort  and 
Payne,  1922(i) .  In  Barrack  1  lived  five  adult  East  Indians,  one  male 
and  four  females,  and  six  children,  while  in  Barrack  2  there  lived 
an  East  Indian,  his  wife  and  four  children.  All  these  people  had 
lived  on  this  estate  from  four  to  seven  years.    The  only  animals  on 

*  This  paper  is  the  seventh  of  the  series  on  the  hookworm  investigations  of  the 
Department  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health,  Johns  Hop- 
kins University,  carried  on  with  the  cooperation  of  the  International  Health  Board, 
BockefeUer  Foundation. 
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Introduction. 

Since  the  production  of  cocoa  is  one  of  the  chief  industries  of 
Trindad,  British  West  Indies,  it  was  of  interest  during  our  investiga- 
tion there  to  study  the  conditions  influencing  the  spread  of  hookworm 
disease  on  a  cacao  estate.  The  objects  of  this  study  were  two-fold, 
viz.:  (1)  to  locate  the  sources  of  human  infestation  and  (2)  to  deter- 
mine the  reduction  of  soil  infestation  produced  in  localized  centers 
of  pollution  in  a  cacao  grove,  after  the  treatment  of  the  people  who 
visited  these  spots. 

Description  op  arr:V. 

For  this  study  a  part  of  an  estate  was  chosen  which  was  located 
about  five  miles  from  our  laboratory.     This  area  included  two  bar- 
racks and  one  detached  dwelling,  the  yards  surrounding  the  houses 
and  that  part  of  the  cacao  grove  immediately  back  of  the  two  bar- 
racks (see  map).    The  cacao  grove,  which  was  thickly  planted  with 
full-grown  trees  and  shaded  by  large  immortel  trees,  was  easily  entered 
by  two  paths  from  the  barracks.    The  detached  house  which  was  the 
home  of  the  negro  driver,  his  wife  and  five?  children,  was  in  good 
repair,  but  the  two  barracks  were  quite  dilapidated.     The  barracks 
were  inhabited  by  East  Indian  laborers,  of  the  same  type  as  those 
on  the  sugar  estate  described  in  number  six  of  this  series  (Cort  and 
Payne,  1922(i) .    In  Barrack  1  lived  five  adult  East  Indians,  one  male 
and  four  females,  and  six  children,  while  in  Barrack  2  there  lived 
an  East  Indian,  his  wife  and  four  children.     All  these  people  had 
lived  on  this  estate  from  four  to  seven  vears.     The  onlv  animals  on 

•  This  paper  is  the  seventh  of  the  series  on  the  hookworm  investigations  of  the 
Department  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health,  Johns  Hop- 
kins University,  carried  on  with  the  cooperation  of  the  International  Health  Board, 
BockefeHer  Foundation. 
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There  was  an  open-backed  latrine  back  of  Barrack  2,  which 
was  in  filthy  condition  at  the  time  of  our  early  visits  to  this  area 
(between  June  6  and  June  10).  At  this  time  it  was  evidently  nsed'by 
a  few  people,  but  later  visits  showed  that  its  use  had  been  entirely 
abandoned.  Since  this  was  the  only  latrine  available  to  the  people 
of  the  two  barracks,  it  was  evident  that  soil  pollution  was  the  rule. 

Very  little  soil  pollution  was  fonnd  near  these  two  barracks.  Some 
scattered  stools  were  found  at  later  visits  aronnd  a  banana  tree, 
back  of  Barrack  1,  and  another  pollution  spot  was  found  where 
the  path  from  Barrack  2  entered  the  cacao.  Inquiries  brought  out  the 
statement  that  these  places  were  visited  only  by  children.  It  was 
also  learned  that  the  people  did  not  wash  themselves  near  the  houses 


Fia.  2.     A"  natural  latrine  "  entirely  enclosed  bj  (he  roots 
of  an  immortel  tree  (Pj). 


CONTBOL    OF    HOOKWORM    DISEASE.  151 

a  were  a  pig,  kept  by  the  negro  family,  and  a  small  number 
kens  which  ranged  over  the  whole  territory,  around  the  housea 
ek  into  the  cacao. 

Human-  infestation. 
rre  were  only  two  light  eases  of  hookworm  disease  in  the  negro 

the  father  and  the  eight-year-old  son.  Fifteen  of  the  seven- 
ast  Indians  in  the  two  barracks  were  infested  with  hookworms, 
^tives  being  a  girl  of  three  and  a  boy  of  twelve.  The  infesta- 
rere  heavy,  except  in  the  young  children,  and  some  showed 
t  clinical  symptoms.  The  people  of  this  area  were  given  three 
;nts  by  the  method  described  in  our  previous  imper  (Cort  and 

1922ff,  p.  113),  between  July  23  and  August  6.     Only  two 

positives,  both  East  Indian  women,  escaped  treatment,  one 
cealing  herself  aiid  the  other  on  account  of  an  advanced  preg- 

Of  the  fifteen  individuals  treated,  re-examinations  were  made 
en,  of  which  eight  were  still  infested.  From  what  is  known  of 
*cts  of  similar  treatments  elsewhere  it  can  be  argued  that  there 
great  reduction  of  mass  infestation  following  the  treatments. 

Conditions  op  f>on.  pollution. 
evidence  of  soil  pollution  was  found  around  the  house  where 
jro  family  lived.    Tliere  was  a  well-eonstrneted  pit  latrine  near 
luse,  which  was  kept  in  g(M»d  condition,  and  used  by  all  the 
rs  of  the  family. 
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There  was  an  opea-backed  latrine  back  of  Barrack  2,  iriuch 
was  in  filthy  condition  at  the  time  of  our  early  visits  to  Uiis  ua 
(between  June  6  and  June  10).  At  this  time  it  was  evidently  tued-by 
a  few  people,  but  later  visits  showed  that  its  use  had  been  entirely 
abandoned.  Since  this  was  the  only  latrine  available  to  the  people 
of  the  two  barracks,  it  was  evident  that  soil  pollution  was  the  rale 

Very  little  soil  pollution  wbs  found  near  these  two  barracks.  Some 
scattered  stools  were  found  at  later  visits  around  a  banana  tr«, 
back  of  Barrack  1,  and  another  pollution  spot  was  found  where 
the  path  from  Barrack  2  entered  the  cacao.  Inquiries  brou^t  out  tbe 
statement  that  these  places  were  visited  only  by  children.  It  wm 
also  learned  that  the  people  did  not  wash  themselves  near  the  houses 


e  "  entirely  enclosed  by  the  roots 
11  immortfl  tree  (Pj). 
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ifter  defecation,  but  carried  bottles  of  water  out  with  them  into  the 
acao  grove  for  this  purpose. 

In  the  cacao  grove  back  of  these  two  barracks  there  were  definitely 
scalized  centers  of  pollution,  which  were  visited  day  after  daj'  by  the 
teople  of  the  barracks.  At  the  time  of  the  first  visits  to  this  place 
June  4  to  20)  there  were  found  four  of  these  pollution  spots  which 
onstituted,  as  it  were,  natural  latrines.  The  location  of  these  pollu- 
ion  centers,  which  will  be  designated  as  P„  P^,  Pj  and  P„  can  be  seen 
■n  the  map.  The  spot  designated  as  P,  (Fig.  1)  was  at  the  side  of  a 
eaning  caceio  tree;  Pj  (Fig,  2)  was  an  area  enclosed  by  the  roots  of  a 
fu^  immortel  tree;  P,  (Fig.  3)  was  near  Pj  at  the  side  of  the  exposed 
■oots  of  a  cacao  tree  and  P,  (Fig,  4)  was  the  area  between  the  buttreai 


at  the  side  of  tlie 
(P.). 

oota  of  a  second  immortel  tree.  During  the  first  series  of  surveys 
here  was  evidence  of  daily  pollution  at  all  these  places.  As  in  the  poi- 
nted areas  of  the  sugar  cane  field  (Cnrt  and  Payne,  1922,  p.  119),  the 
tools  disappeared  quickly,  chiefly  from  the  action  of  the  rain  and  the 
ictivities  of  insects,  so  that  the  places  did  not  become  foul  smelling 
ind  their  use  seemed  to  the  people  much  preferable  to  the  use  of  the 
ilthy  latrine.  That  these  "  natural  latrines  "  were  in  constant  use 
8  evidenced  by  the  finding  of  pollution  in  tliem  on  visits  made  July 
!0  and  26  and  later  on  September  3.  At  these  later  visits  two  new 
wllution   centers   were   found   around   the   roots  of  immortel  trees 
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FiQ.  4.     A  diluted  Bpot  betwern  the  buttress  roots  of  an  immortol  tree  (P.). 

(see  P„  and  P„  on  the  map).  At  P^  the  pollution  was  so  ^eat  that 
there  was  formed  between  two  of  the  roots  a  smalt  area  of  liquified 
sludgp,  like  that  foniul  in  pit  latrines,  in  which  fly  larvae  were  work- 
ing. The  pollution  at  these  spots  in  the  cacao  was  bo  definitelj- 
loealized  and  they  were  so  constantly  visited  that  they  may  be  con- 
sidered fis  natural  latrint-s.  which  served  the  people  of  these  two 
barracks,  and  wlileh  seemed  to  ihem  niui-h  t-leaner  and  less  objection- 
able than  the  ncdiuary  pit  latrines. 


Soil  inkestatiox. 
The  study  of  soil  inf<>statioii  in  this  area  was  made  by  the  use 
of  the  isolation  ai'paratns  (Cort,  Ackert  et  al.,  1921)  in  mueh  tho 
same  way  a.s  in  tlic  investigation  of  the  snjrar  estate  previously  di'- 
Berihed  {Cort  and  Payne.  lyj^wV  On  June  13  and  17  a  series  of 
12  soil  samples  were  taki'n  from  innnt'diatelj'  around  the  houses,  from 
wet  spots  where  the  peojile  waslied  themselves  and  their  utensils,  and 
from  the  drains.  The  res^ulls  of  the  examination  of  all  these  sampli-s 
for  liijokwoi'ui  larvai'  were  nefrative.  About  a  month  later  seven  more 
soil  saiiijiles  witc  taken  from  tlic  same  situations.  Only  one  of  these, 
a  sample  from  n  drain  at  Barrack  1,  was  positive,  frivinpr  only  one 
hookworm  larva,  TIic  locations  I'rout  which  these  nineteen  soil  samples 
were  taken  is  sliowti  on  the  map. 
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The  other  soil  samples  which  were  taken  from  this  area,  outside 
the  cacao  grove,  are  showTi  on  the  map.  They  were  taken  with  relation 
to  known  soil  pollution  and  show  that  centers  of  slight  soil  infesta- 
tion had  developed  in  the  area  polluted  by  the  children,  near  the 
banana  tree  back  of  Barrack  1  and  around  the  latrine. 

Fifty  soil  samples  were  examined  from  the  cacao  grove  back  of 
Barracks  1  and  2,  which  were  taken  with  relation  to  the  pollution 
qpots  (Pi  to  Pg).  The  surface  of  the  ground  in  the  cacao  grove 
offered  three  different  conditions,  viz.:  (1)  bare  clay  soil,  (2)  clay 
covered  by  a  layer  of  humus,  and  (3)  that  with  the  surface  covered 
with  a  carpet  of  twigs  and  dead  leaves  (see  Figs.  1  to  4).  At  first  in 
taking  the  soil  samples  the  surface  leaves  were  brushed  aside,  but  later 
it  was  found  that  the  infective  hookwonn  larvae  were  often  found  on 
the  surface  of  the  leaves,  especially  when  they  were  wet  with  dew  or 
rain  (see  Augustine,  19226,  p.  175).  After  this  finding  the  soil 
samples  were  taken  directly  from  the  surface  and  consisted  either  of 
leaves  or  soil.  Table  1  gives  a  complete  list  of  samples  taken  from 
this  environment. 

TABLE  1. 

Becord  of  examination  of  soil  samples  from  the  cacao  grove  hack  of  barraclcs 

1  and  S,     A.  Leaning  cacao  tree  (Pi)- 


No.       Date. 


Larvae  found. 


Location  of  nample. 


28  June  13|  At  polhition  center . . 


29 

38 
40 


!     a 

1 
I 

I 


13;  5  ft.  W.  of  pollutioni 

'      center 

15  At  pollution  center ...  1 
15'  At  pollution  center. . . ' 


63  I    "      17,  At  pollution  center. . . 

64  July  20 1  At  pollution  center . . . 
"      20  1  yd.  W.  of  pollution 

I      center 

'•      20  1  yd.  N.  of  pollution 

'      center 

"      20  Leaves  around  edge  of , 

i      cleared   pollution    \ 

I      center 

'•      26;  2  yds.  W.  of  pollution! 

'      center I 

26,  4  yds.  W.  of  pollution] 

!      center i 


65 
66 
67 

lOO 
101 


Character  of  sample. 


Surface  humus .... 

Surface  humus .... 
Leaves  and  humus 
Surface  clay  and 

humus 

Leaves  onlv 

Ilumus 

Leaves  and  humus 

Ix?aves  and  humus 


Leaves 


;  I        Un- 

sheathed. '   sheathed. 


« 


Leaves  and  humus . 
Leaves  and  humus . 


12 

26 
96 

24 

26 

345 


16 

7 
30 

4 

8 

25 
20 


Total. 


0 

28 

0 

33 

124 

28 

34 

370 

23 

0 
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B.  Boot  enclosure  at  largest  immoriel  tree  (Ps) . 


No. 


Date. 


May  31 


Location  of  sample. 


Character  of  ■ample. 


found. 


Sheathed. 


At    pollution    center! 
within  roots ! 


30  June  13  At    pollution    center 
'  '      within  roots 


I 


31 

37 
42 
61 


**      13,  2  ft.  S.  of  pollution 

I      center 

"      15,  At  pollution  center. 
"     15    "         "  '•     . 

tl  -ly''      H  U  it 


68  July  20    " 


It 


(t 


69 :    "     20  In  front  of  root  just 

outside  of  pollution 

center 

26'  At  pollution  center. . . 


104 


it 


Surface  clay  and 
humus 

Surface  clay  and 
humus 

Hiunus 

Leaves 

Moist  twigs 

Leaves 

Surface  clay,  humus 
and  leaves 


Leaves  and  humus . 
Leaves  and  soil . . . . 


Un- 


5 

1 


TotaL 


3 
2 


1 
1 


8 


24 

0 

1 

147 

8 


2 
1 


C.  At  foot  of  cacao  tree,  seven  feet  north  of  P,  (P,) . 


No.       Date. 


Location  of  eample. 


Larvae  found. 


Character  of  sample. 


62 


32  June  13  At  pollution  center. . .   Surface  soil 

33  '•      13  At  other  side  of  tree, 

I      just  out  of  pollution 

center Surface  clay 

"      17  At  pollution  center. . .   Leaves 

70  July  20    "         "            "     ...  Leaves  and  humus . 

71  "•    20  2  yds.  E.  of  pollution 

center Leaves,  humus  and 

j  clay 

105!    "      26  At  pollution  center...  Leaves  and  hiunus .     1082 


Sheathed. 

Un- 
aheathed. 

TotaL 

•    • 

•    • 

3 

1 

•    • 

•    • 

0 

16 
19 


47 
14 


28 


!      63 
'     33 


0 
1110 


While  a  large  number  of  infective  hookworm  larvae  were  found  the 
numbers  were  not  in  proportion  to  the  concentration  of  the  pollution. 
The  finding  of  large  numbers  of  unsheathed  infective  hookworm  larvae 
in  these  samples  need  not  be  discussed  here,  since  this  point  was 
covered  in  an  earlier  number  of  this  series.  (Cort,  Augustine  et  al, 
1922.) 
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D.  At  hose  of  immartel  tree,  f5  feet  northwest  of  P,  (P*). 


Larvae  found. 

No. 

Date. 

Location  of  sample. 

Character  of  sample. 

TTtw 

Sheathed. 

KJtr 

sheathed. 

ToUL 

34 

June  13  At  pollution  center. . . 

Surface  clay  

• 

•    • 

0 

35 

"     13    "         "            "     ... 

11         ti 

•    • 

•  • 

1 

43 

*'      15    "         "            "     ... 

Leaves  and  humus 

•    • 

•    • 

0 

72 

July  20 

•  •  • 

«         ti        It 

m 

1 

1 

2 

73 

"    20 

At    base    of    small 
cacao^    two    yards 
east  of  pollution 

"      20 

center 

«              i<              it 

• 

m    • 

•    • 

0 

74 

At  edge  of  drain,   1 

yard  from  pollution 

center 

tt              t*             *t 

• 

•    • 

•    • 

0 

75 

*'      20 

At  head  of  small 

drain,  1^  yards 

from  pollution 

center 

tt              tt             tt 

2 

1 

3 

76 

"     20|  3  yards  down  drain . . 

tt              It             tt 

•  • 

•    • 

0 

77 

"     20  4  yards  down  drain . . 

tt            tt            tt 

• 

•  • 

•    • 

0 

78 

"     20,  6  yards  down  drain . . 

tt             ti            tt 

• 

•    • 

0 

79 

"     20|  9  yards  down  drain . . 

tt            tt            tt 

• 

•  • 

•    • 

0 

80 

"     20;  2  yards  south  of  No. 

'*      20 

73 

tt            tt            tt 

• 

■   • 

•    • 

0 

81 

3  yards  southwest  of 

No.  73 

tt             tt            tt 

• 

((             tt            tt 

• 

•  • 

5 

•    • 

15 

0 

106 

"     26 

At  pollution  centers. . 

20 

107 

"     26|  Same  as  No.  73 

It             tt            tt 

I 

4 

4 

The  results  of  the  examinations  of  the  soil  samples  from  the 
neighborhood  of  the  leaning  cacao  tree  (PJ  (Fig.  1)  are  given  in 
Table  1,  A.  As  was  expected  from  the  constant  pollution  at  this 
place,  there  was.  found  a  high  percentage  of  positives  with  numerous 
hookworm  larvae.  Some  distribution  of  larvae  out  from  the  pollu- 
tion center  is  indicated  by  the  findings  from  samples  65,  66,  67 
and  100.  But  that  such  soil  infestation  was  not  widespread  is 
shown  from  saihples  29  and  101.  The  slight  spreading  of  the  larvae 
from  this  pollution  center  could  be  easily  accounted  for  by  the  scratch- 
ing of  chickens  which  frequently  visited  this  place. 

The  results  of  the  examinations  of  the  samples  from  Po  (Table 
1,  B)  were  very  surprising,  when  it  is  considered  that  in  an  area 
about  six  feet  long  and  two  feet  wide,  enclosed  by  buttress  roots 
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{Fig.  2),  Stools  were  apparently  deposited  daily  by  two  or  three 
people,  at  least  one  of  whom  was  known  to  be  heavily  infested  inth 
hookworms.     The  soil  within  this  area  succeeded  in  absorbing  the 
pollution  without  the  formation  of  sludge.     That  such  few  larvae 
were  isolated  from  the  soil  of  this  place  indicates  that  for  some  reason 
or  other  the  conditions  here  were  not  favorable  for  the  development 
of  hookworm  larvae. 

The  findings  from  P^  (Fig.  3)  which  are  given  in  Table  1,  C, 
indicate  the  development  of  intense  soil  infestation  both  on  the  leaves 
and  the  surface  of  the  soil.  The  results  of  the  examination  of  sample 
71  show  that  there  is  very  little  migration  under  the  conditions  in  the 
cacao,  even  from  centers  of  intense  soil  infestation. 


E,  At  base  of  immortel  tree,  t2  feet  north  of  P^  (Pg). 


82 

83 
84 


85 

86 

87 

102 


Location  of  sample. 


July  20 


<i 


<* 


(( 


tt 


20 
20 


20 


2  yds.  in  front  of  pol- 
lution center 

At  pollution  spot .... 

At  edge  of  drain  1  yd. 
east  of  pollution 
spot 

At  edge  of  drain  1  yd. 
north  of   pollution 

spot 

20.  In  drain  1}  yards  east 
of  pollution  spot. . . 

2  yds.  west  of  pollu- 
tion spot 

At  pollution  spot .... 


20 
26 


Character  of  sample. 


Leaves  and  humus . 
i<        it        tt 


a 


tt 


tt 


tt 


tt 


tt 


Clay. 


Leaves  and  humus . 
tt         tt        tt 


Larvae  found. 


Sheathed. 


Ud- 
dieathedL  i  Total 


3 
3 


0 

4 


0 

0 

0 

3 
5 


F,  At  base  of  immortel  tree,  SO  feet  north  of  P,  (P«). 


Date. 

Location  of  sample. 

Character  of  sample. 

Larvao  found. 

•      * 

No. 

Sheathed. 

Un- 
•heathed. 

TotaL 

103 

July  26 

At  pollution  center. . . 

Leaves  and  humus . 

135 

106 

241 
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The  data  from  the  examination  of  the  soil  samples  taken  from 
areas  P^  and  P5  (Table  1,  D  and  £),  indicate,  either  conditions 
unfavorable  for  the  development  of  hookworm  larvae,  or  pollution  by 
ne^tive  or  lightly  infested  individuals.  The  results  from  sample  103 
(Table  1,  F)  show  that  a  center  of  soil  infestation  had  developed  at  P^, 

The  results  of  the  examination  of  soil  samples  in  the  cacao  (Table 
1)  show  that  centera  of  soil  infestation  had  developed  at  certain 
polluted  spots.  These  results  are  surprisingly  irregular,  when  the 
constant  pollution  of  these  places,  and  the  heavy  infestation  with 
hookworms  of  the  people  visiting  them  are  considered.  It  is  impos- 
sible to  explain  these  irregularities  from  the  data  at  hand.  Three 
possible  factors  suggest  themselves  which  might  be  responsible,  viz.: 
(1)  the  presence  of  leaves  on  the  soil  which  complicated  the  taking 
of  the  soil  samples;  (2)  possible  variations  in  the  degree  of  infesta- 
tion of  people  visiting  the  different  pollution  centers;  and  (3)  the 
development  &t  certain  of  these  places  of  conditions  unfavorable  to 
the  development  of  hookworm  larvae.  Certain  activities  of  the  in- 
fective hookworm  larvae  in  the  cacao  environment  have  been  studied 
by  Augustine  (1922,  p.  175).  His  findings  that  the  larvae  do  not 
migrate  any  distance  under  conditions  existing  in  the  cacao  grove 
and  that  they  have  a  tendency  to  get  onto  the  upper  surfaces  of  the 
leaves  were  verified  bv  our  field  studies. 

Sources  op  human  infestation. 

The  data  given  above  indicate  that  the  only  really  important 
sources  of  infestation  with  hookworms  in  this  area  are  the  centers  of 
soil  infestation  developed  at  the  highly  polluted  spots  in  the  cacao. 
The  area  around  the  banana  tree,  back  of  Barrack  1.  might  have  been 
responsible  for  some  infestation,  especially  in  children,  and  the  slight 
soil  infestation  in  front  of  the  latrine  might  have  given  a  few  worms 
to  those  visiting  it.  However,  the  soil  infestation  at  the  polluted 
centers  back  of  the  barracks,  the  constant  visiting  of  these  places  by 
the  East  Indians,  and  the  fact  that  this  part  of  the  cacao  was  known 
as  a  ground  itch  area,  suggests  that  from  here  most  of  tlie  hookworm 
infestation  found  in  Barracks  1  and  2  was  derived.  Further  evidence 
for  this  view  is  given  by  the  finding  that  all  the  negro  family  were 
negative,  except  the  driver  and  his  eight-year-old  son.  It  was  found 
by  inquiry  that  the  negro  boy  had  acquired  ground  itch  from  playing 
in  the  cacao  back  of  the  East  Indian  barracks,  and  that  the  driver, 
who  wore  heavy  boots,  had  had  ground  itch  on  his  hands  from  working 
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in  this  area.  Therefore,  here  again  as  in  the  sugar  estate  (Cort  and 
Payne,  1922,  p.  142)  it  was  found  that  the  soil  pollution  lial>it8  of  the 
people  were  chiefly  responsible  for  their  hookworm  infestation,  espe- 
cially when  they  were  accustomed  to  visit  the  same  place  day  after  day. 

Reduction  op  soil  infestation  following  treatment. 

We  decided  to  try  out  in  this  area  the  reduction  of  soil  infestation 
produced  by  three  routine  treatments,  when  there  had  been  no 
reduction  of  soil  pollution.  The  records  of  treatments  given  above 
show  that  two  people  were  untreated  and  that  of  the  eleven  examined 
after  treatment  eight  were  still  positive.  Therefore,  while  a  consider- 
able reduction- of  mass  infestation  must  have  resulted  from  the  treat- 
ments, there  was  still  left  an  appreciable  infestation  of  the  majority' 
of  those  treated.    Table  2  shows  by  a  comparison  of  the  results  of  the 


TABLE  2. 

Comparison  of  samples  from  polluted  spots  in  the  cacao  grove  {P^-Pt), 

before  and  after  trecUment. 


LocatioiL 

Ex.  July  20  and  July  26. 

Ex.  Sept.  3d. 

Sample 
No. 

Sheathed. 

Un- 
sheathed. 

Total. 

Sheathed. 

Un- 
sheathed. 

Total 

64 

PI.    Cleared  place  at 
center 

96 

345 

1,082 

5 

2 

135 

30 

25 

28 

15 

3 

106 

126 

370 

1,110 

20 

5 

241 

1 

2 

1 
26 

•  • 

•  • 

1 

19 

9 
23 

•  • 

•  • 

8 

21 

67 
105 

PI.      Leaves  around 

cleared  place 

P3 

10 
49 

106 

P4 

0 

102 

P5 

0 

103 

P6 

9 

Total.... 

1,665 

207 

1,872 

30 

59 

89 

examination  of  soil  samples,  taken  July  20  and  26,  from  the  centers 
of  pollution  in  the  cacao,  with  a  series  from  the  same  places  taken 
September  3,  that  this  reduction  of  mass  infestation  was  quickly 
reflected  in  the  reduction  of  soil  infestation.  The  samples  of  Septem- 
ber 3  were  taken  just  after  a  rain  and  consisted  of  the  scrapings 
from  the  entire  surface  of  the  polluted  spots.  Since  the  lat%-ae  have 
been  shown  to  come  to  the  surface  after  it  is  moistened  (Augustine, 
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19226)  these  samples  were  taken  under  the  most  favorable  condi- 
tions possible  for  locating  infective  hookworm  larvae.  This  fact 
makes  the  great  reduction  in  numbers  of  larvae  shown  by  Table  2, 
all  the  more  significant.  These  findings  show  that  in  areas  of  soil 
infestation  in  the  cacao  cultivation  the  length  of  life  of  infective 
hookworm  larvae  is  short. 

Summary. 

1.  Examination  of  the  people  living  in  three  houses  on  a  cacao 
estate  showed  a  heavy  infestation  with  hookworms. 

2.  Soil  pollution  in  this  area  was  almost  entirely  restricted  to 
definite  spots — *'  natural  latrines  "  in  the  cacao  grove  near  the  bar- 
racks. 

3.  The  examination  of  soil  samples  showed  very  little  soil  infesta- 
tion anywhere  in  the  area,  except  at  the  "  natural  latrines  "  in  the 
cacao,  and  the  conclusion  can  be  drawn  that  almost  all  the  human 
infestation  must  have  come  from  the  habit  of  polluting  the  soil  of  the 
cacao. 

4.  Even  in  the  "natural  latrines"  the  findings  were  somewhat 
irregular,  indicating  the  conditions  were  not  always  favorable  for  the 
development  of  hookworm  larvae,  and  that  they  did  not  migrate  from 
the  place  of  development. 

5.  Examinations  of  the  soil  of  the  intensely  polluted  spots  in  the 
cacao,  six  weeks  after  three  routine  treatments  had  been  given  to  the 
people,  showed  a  very  marked  reduction  of  soil  infestation,  indicating 
that  in  this  situation  the  life  of  the  infective  hookworm  larvae  is  short. 

Pot  bibliography  see  No.  VI  of  this  series. 
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Experiments  on  the  Migration  op  Hookworm  Larvas  in  Sons.* 

By  DONALD  L.  AUGUSTINE,  B.S. 
(Beoeived  for  pabHcation  December  13, 1921.) 

Historical  account. 

Until  Baermann  (1917)  devised  an  apparatus  with  which  hook- 
worm larvae  could  be  successfully  isolated  from  the  soil,  little  or 
nothing  was  -  known  of  their  activities  under  natural  conditions. 
Throughout  the  literature,  one  is  impressed  with  the  idea  that  the 
infective  hookworm  larvae  may  actively  migrate  for  considerable 
distances,  and  may  thus  give  rise  to  infestation  far  from  the  place 
where  the  eggs  were  originally  deposited. 

Claude  A.  Smith  (1903,  p.  710)  recorded  that  the  larvae  dart 
through  a  sandy  soil  at  a  lively  rate  for  a  few  minutes  to  half  an 
hour  or  more,  and  then  straighten  out  and  lie  perfectly  still  for  a 
corresponding  length  of  time.  In  the  report  of  the  Porto  Rico  Anemia 
Commission  (1904,  p.  121)  the  statement  was  made  that  rain  causes  a 
distribution  of  larvae,  and  that  this,  together  with  their  natural 
motility,  may  spread  nests  of  soil  infestation  over  a  considerable  area. 
Nicoll  (1917,  p.  163)  in  his  discussion  of  the  hookworm  larvae,  under 
natural  conditions,  made  the  following  statement: 

**  The  larvae  now  measure  about  0.6  mm.  in  length  and  are  very 
actively  motile.  Unless  they  have  been  washed  away  previously  from 
the  faeces,  they  now  proceed  to  migrate  to  a  more  suitable  locality, 
namely :  the  nearest  water  pool  or  patch  of  moist  ground.  Provided 
even  a  trace  of  moisture  be  present,  they  are  capable  of  traversing 
considerable  distances  and  may  thus  give  rise  to  infection  far  from 
the  place,  where  the  faeces  were  originally  deposited.  How  far  and 
how  rapidly  they  may  wander  in  this  fashion  is  not  definitely  known, 

*  This  paper  is  the  eighth  of  the  series  on  the  hookworm  inveBtigations  of  the 
Department  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health,  Johns  Hop- 
kins University,  carried  on  with  the  cooperation  of  the  International  Health  Board, 
Rockefeller  Foundation. 
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but  judging  from  laboratory  experiences  their  rate  is  probably  not  less 
than  five  feet  per  hour,  so  that  in  the  course  of  24  hours,  they  may 
have  wandered  40  yards.  This  means  that  an  area  of  5,000  square 
yards  might  become  infected  within  24  hours  after  the  larvae  started 
to  migrate,  i.e.,  within  a  week  after  the  faeces  were  deposited.'* 

Chandler  (1918,  p.  259)  pointed  out  that  continual  traveling  in  a 
straight  line  would  probably  never  occur,  but  that  a  single  stool 
containing  hookworm  eggs  could  easily  infest  at  least  several  square 
yards.  Similar  statements  on  the  spread  of  hookworm  larvae  were 
also  made  by  Ozzard  (1909,  p.  779). 

The  first  intimation  that  the  infective  hookworm  larvae  might  be 
limited  in  their  distribution  throughout  the  soil  was  made  by  Price 
(1910,  p.  205).  He  stated  that  in  his  opinion  sub-soil  pollution  was 
not  an  important  factor  in  hookworm  disease,  because  it  appears  in- 
conceivable that  hookworm  larvae  will  pass  for  any  considerable 
distance  through  a  sand  and  gravel  sub-soil. 

Based  on  the  work  of  these  authors,  the  opinion  has  become  current 
that  the  infective  hookworm  larvae  move  out  from  centers  of  infesta- 
tion and  spread  themselves  over  wide  areas.  This  conception  is  founded 
largely  upon  the  study  of  the  behavior  of  the  encapsuled  larvae  when 
mounted  in  wat6r,  or  water  and  soil,  on  glass  slides  or  in  watch  glasses, 
and  examined  microscopically.  To  what  extent  the  migrations  of  the 
larvae  occur  from  definite  infested  centers  in  soils  of  various  types 
and  under  varying  conditions,  has  not  yet  been  demonstrated.  The 
experiments  which  will  be  described  in  this  paper  were  carried  out  in 
Trinidad,  British  West  Indies,  from  May  to  September,  1921,  in  order 
to  gain  information  on  this  very  subject. 

I  wish  here  to  express  my  appreciation  to  Dr.  W.  W.  Cort,  under 
whose  direction  the  investigations  embodied  in  this  and  the  two 
following  papers  were  carried  on,  for  his  constant  interest  and  helpful 
suggestions.  Thanks  are  also  due  Dr.  James  E.  Ackert,  of  the  Kansas 
State  Agricultural  College,  Dr.  Florence  King  Payne  and  Dr.  Grcorge 
C.  Payne,  Trinidad,  for  assistance  in  securing  material  and  for 
suggestions  during  the  course  of  the  work. 

Material  and  methods. 

The  larvae  used  in  these  experiments  were  obtained  from  cultures 
5  to  8  days  old.  A  detailed  account  of  the  method  used  in  the  prep- 
aration of  the  cultures  is  given  in  number  two  of  this  series  (Cort, 
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et  al.,  1922,  p.  6).  The  larvae  were  carefully  counted  under  tbe 
microscope,  the  16  mm.  objective  being  used,  when  the  hookwcMrm 
larvae  were  mixed  with  other  nematodes,  and  a  lower  power,  when 
they  were  in  pure  culture.  As  Ancylostoma  duodenale  is  very  rare 
in  Trinidad  it  may  be  assumed  that  the  larvae  obtained  were  those  of 
Necator  americanus. 

Two  sizes  of  pans  were  used  in  the  experiments  on  migration,  viz.: 
(1)  round  tin  dripping  pans,  13  inches  in  diameter  and  4  inches  high, 
and  (2)  pudding  pans  6  inches  in  diameter  and  2  inches  high. 

The  soils  in  which  these  larvae  were  studied  were  selected  from  the 
district  in  which  these  experiments  were  carried  on,  the  Naparima 
District,  which  is  in  the  south  central  part  of  Trinidad.  They  were 
chosen  from  areas  free  from  soil  pollution,  and  tested  in  the 
laboratory  with  the  isolating  apparatus  for  the  presence  of  hookworm 
larvae  and  free-living  nematodes.  None  of  the  samples  were  found  to 
contain  hookworm  larvae,  and  where  free-living  nematodes  were  nu- 
merous, the  soil  was  heated  to  150°  F.  This  temperature  was  found  to 
be  suflScient  to  kill  all  living  organisms  present  without  altering  the 
composition  of  the  soil  itself. 

The  migrations  of  the  hookworm  larvae  were  studied  in  five  distinct 
types  of  soils.    Type  1  was  a  black,  rather  heavy,  clay  loam  which 
contained  no  small  stones.    Type  2  was  identical  with  type  1,  except 
that  it  contained  a  greater  amount  of  humus  and  was' lighter.    These 
two  soils  are  classified  by  Williams   (1921,  pp.  106-109)   under  the 
Maparina  Marls  or  the  Black  Soils  of  the  Maparimas.     Type  3  was 
also  a  heavy  clay  loam  distinguished  by  its  red  color.     It  differed 
from  types  1  and  2,  chiefly  in  its  chemical  rather  than  mechanical 
composition  being  deficient  in  lime  and  having  a  high  percentage  of 
iron.     Type  4  was  a  fine  sand  and  clay  mixture,  light  when  dry  or 
slightly  moist,  but  heavy  and  compact  when  wet.    Type  5  was  a  loose 
reddish  sand,  containing  only  a  small  amount  of  clay. 

Experiments  ox  active  migration. 

Table  1  gives  the  data  from  a  series  of  twenty  experiments  to  test 
the  active  migration  of  infective  hookworm  larvae  under  a  variety 
of  conditions.  In  all  the  experiments,  summarized  in  this  table,  the 
soils  were  placed  to  the  depth  of  1  cm.  in  the  13-inch  dripping  pans. 
The  center  was  then  determined,  marked  by  a  cord  circle  1  inch  in 
diameter,  and  the  larvae  placed  within  this  circle.     This  area  was 
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termed  Zone  1,  or  the  center  of  infestation.  When  I  wished  to  close 
an  experiment  the  soil  was  further  divided  into  Zones  2,  3  and  4. 
This  was  accomplished  with  an  apparatus  similar  to  a  doughnut  or 
cooky  cutter.  It  consisted  of  three  stationary  tin  bands  of  sufficient 
circumference  to  make  each  of  these  zones  two  inches  wide.  The 
soils  of  the  three  outer  zones  were  transferred  separately  to  units  of 
the  large  isolation  apparatus,  without  withdrawing  the  **  cutter." 
The  danger  of  mixing  the  soil  of  one  zone  with  the  next  was  thereby 
reduced  to  a  minimum.  Two  units  of  the  isolation  apparatus  were 
used  for  Zone  4,  to  keep  the  amount  of  soil  in  each  unit  approximately 
equal.  The  cutter  was  then  removed,  and  the  soil  from  the  infestation 
center  transferred  to  a  unit  of  the  small  isolation  apparatus. 

In  describing  the  moisture  content  of  the  soils  the  term  **  moist  " 
indicates  a  soil  which  had  a  slightly  sensible  wetness,  while  the  term 
**  saturated  ''  denotes  a  soil  which  had  been  thoroughly  soaked  and 
its  surface  fairly  covered  with  water. 

It  will  be  seen  from  an  examination  of  Table  1,  that  the  larvae 
did  not  manifest  the  migratory  habit  which  has  been  attributed  to 
them,  since  in  no  instance  were  they  found  as  far  as  four  inches  from 
the  center  in  which  they  were  placed.  In  only  4  experiments  (Table  1, 
nos.  5,  7,  17  and  19)  were  larvae  recovered  from  the  third  zone,  and 
in  each  of  these  cases  less  than  2  per  cent,  of  the  total  number  of 
larvae  recovered  had  reached  this  zone.  It  is  also  apparent  that 
neither  the  type  of  soil  nor  the  presence  of  vegetation  enter  as  factors 
in  the  extent  of  active  migration  of  hookworm  larvae.  A  thick 
^assy  sod  was  not  available  at  the  time  of  these  experiments,  and  in 
order  to  study  the  larvae  under  this  environment  the  soil — clay  loam — 
was  first  heavily  sown  with  a  mixture  of  oats  and  wheat.  The  larvae 
were  not  added  to  the  infestation  centers  until  the  grass  had  formed 
a  heavy  root  system,  and  had  reached  a  height  of  3  to  4  inches.  No 
perceptible  difference  was  observed  in  the  extent  of  migration  of  the 
hookworm  larvae,  when  exposed  to  direct  sunlight  under  temperatures 
varying  from  93°  F.  to  101°  F.  (Experiment  20,  Table  1).  The 
migrration  pan  was  set  out  in  direct  sunlight  during  the  day  and 
returned  to  the  laboratory  at  night.  At  no  time  was  the  soil  allowed 
to  become  dry.  As  soon  as  a  dry  crust  appeared  on  the  surface  it 
was  evenly  sprinkled  with  water,  thus  keeping  it  as  uniformly 
**  moist ''  as  possible.  While  the  sunlight  had  no  apparent  influence 
on  the  extent  of  spread  of  the  larvae  away  from  the  infestation 
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center,  it  had  an  indirect  effect  on  the  activities  of  the  larvae  within 
that  area  which  is  discussed  in  number  eight  of  this  series. 


TABLE  1. 
Experiments  on  the  active  migration  of  hookworm  larvae,    AU  these  tests 

were  made  in  the  thirteen-inch  pans. 


Ill 

No.  larvae 

in  oonter 

of 

infeatationa. 

Type  of  aoil. 

Condi  tiona. 

Time 

No.  of  H.W.  larvae 
recorered  from 

w^i 

larvae 

remained 

in 

aoil. 

Zone  1. 

Zone  2. 

Zones. 
Zone  4. 

1 

800 

Clay  loam 

Moist,  shade 

15  hours 

409 

15  '  0     0 

2 

1,000 

Clay     " 

16     " 

583 

274,  0     0 

3 

1,800 

Loose  loam 

tt         tt 

40     " 

1,395    128 

0  ,0 

4 

1,000 

Loose     " 

15     " 

460 

4061  0  ;  0 

5 

1,000 

Clay  loam 

7  days 

236 '    84  ,  1  ,  0 

6 

1,000 

Clay     " 

7    " 

478 

39  1  0     0 

7 

512 

Clay     " 

11     " 

89    145    3,0 

8 

1,100 

Clay     " 

21    " 

13       5    0     0 

9 

650 

Clay     " 

42    " 

1 

0,0    0 

10 

525 

Red  clay  loam 

15  hours 

363 

69    0  j  0 

11 

500 

((       it       tt 

22  days 

6       3:00 

12 

277 

Clay  loam  sod 

tt         ft 

7    '^ 

60  i    10    0  1  0 

13 

392 

tt       It      tt 

21     *' 

2 

3 

0  !  0 

14 

361 

tt          tt         u 

tt         tt 

30     '' 

1 

1     0     0 

15 

426 

tt          tt         tt 

37     " 

1 

OiO  ,0 

16 

498 

Sand 

10     *' 

51  1    40 

0     0 

17 

451 

Sand 

22     " 

771    16 

1     0 

18 

498 

Sand 

29     ' 

51 

40 

0  !  0 

19 

1,300 

Sand  and  clay 

8     ' 

199  ,  174 

5    0 

20 

500 

Clay  loam 

Moist,  direct  sun 

35     " 

5 

0 

0;0 

1 

Early  in  these  experiments  it  was  noted  that  there  occurred  a 
remarkable  reduction  from  the  original  number  of  larvae  placed  in 
the  infestation  centers,  even  after  a  week's  time.  It  will  be  noted, 
from  Table  1,  that  this  reduction  increased  with  the  number  of  days 
the  larvae  remained  in  the  soil.  Here,  as  well  as  in  other  experiments 
made,  a  large  percentage  of  the  larvae  recovered  had  lost  their  sheaths. 

This  experimental  evidence  on  the  failure  of  the  hookworm  larvae 
to  rfiigrate  in  the  soil  is  supported  by  similar  findings  of  Cort  and 
Payne  (1922a,  p.  137),  in  their  study  on  the  sources  of  hookworm 
infestation  in  a  cane  field.    Instead  of  finding:  a  uniform  distribution 
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of  the  larvae  over  the  total  area  studied,  they  were  found  to  be 
definitely  localized  at  the  places  of  soil  pollution.  Often  where  two 
soil  samples  were  taken  close  together  one  would  contain  a  large 
number  of  larvae,  while  the  other  would  contain  only  a  few  or  be 
even  negative.  As  a  specific  example,  approximately  1,000  hookworm 
larvae  were  isolated  from  a  pint  of  soil  taken  from  a  pollution  spot 
15  yards  into  the  cane.  Pint  samples  taken  from  the  areas  within  a 
radius  of  1^/^  feet  to  2  yards  from  this  yielded  from  0  to  53  hookworm 
larvae  per  sample.  The  environment  here  was  seemingly  in  every  way 
favorable  for  migration,  yet  during  the  entire  time  of  the  investigation, 
the  larvae  were  always  found  at  more  or  less  definitely  localized 
spots,  at  the  places  of  soil  pollution.  That  there  occurs  little  or  no 
migration  of  the  hookworm  larv^ae  even  from  centers  of  very  heavy 
soil  infestation  has  also  been  sho^vn  by  Cort  and  Payne  (1922&,  p.  159) 
under  conditions  existing  in  a  cacao  grove.  The  evidence  from  these 
field  studies  and  the  data  .  from  the  laboratory'  experiments  given 
above  show  that  it  will  be  necessary  to  revise  our  present  conception 
of  the  extent  of  the  migrations  of  infective  hookworm  larvae,  and 
make  it  seem  very  probable  that  it  is  only  by  mechanical  means  that 
hookworm  larvae  can  spread  from  the  place  of  their  development. 

When  places  op  soil  infestation  become  dry,  do  hookworm  larvae 

migrate  to  more  favorable  situations? 

To  test  this  point,  a  large  number  of  hookworm  larvae  were  placed 
on  a  small  spot  in  a  13-inch  dripping  pan,  containing  moist  sand 
1  cm.  in  depth.  A  second  area,  to  which  no  larvae  were  added,  was 
located  8  inches  away  from  the  first.  The  whole  surface  was  then 
evenly  sprinkled  with  water.  AYater  was  afterwards  added  daily  to 
the  second  area  which  alone  was  kept  constantly  moistened.  Ten 
days  later  all  the  sand  appeared  to  be  thoroughly  dry  except  that  in 
and  around  the  watered  area.  This  was  transferred  to  a  unit  of  the 
small  isolating  apparatus,  and  upon  examination,  proved  to  be  nega- 
tive for  hookworm  larv^ae.  A  small  amount  of  soil  taken  directly 
from  the  original  infestation  spot  was  placed  on  a  glass  slide,  a  few 
drops  of  water  were  added,  and  upon  mieroseopial  examination  three 
shrivelled,  completely  disorganized  hookworm  larvae  were  found.  The 
remaining  soil  of  this  area  was  then  examined,  but  yielded  no  larvae. 
This  experiment  indicates  that  infective  hookworm  larvae  cannot 
migrate  from  a  drying  area  to  a  moist  area  nearby,  but,  of  course, 
needs  confirmation  by  a  larger  series  of  experiments.  ' 
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Experiments  on  passive  migration. 

In  two  experiments  made  in  the  same  manner  as  those  smnmarized 
in  Table  1,  except  that  water  was  added  until  the  surface  of  the  soils 
was  covered,  a  fairly  uniform  distribution  of  the  larvae  was  found 
in  all  zones.  In  the  first,  with  clay  loam  soil,  where  500  hookworm 
larvae  were  added  to  the  infestation  center,  72  larvae  were  recovered 
from  that  area,  70  from  the  second,  17  from  the  third  and  3  from  the 
fourth,  eight  days  after  the  experiment  was  started.  In  the  second, 
with  a  sand  and  clay  soil,  1,300  larvae  were  placed  in  the  center  of 
infestation.  Eight  days  later  83  larvae  were  recovered  from  Zone 
1,  271  from  Zone  2,  245  from  Zone  3  and  258  from  Zoub  4. 

As  these  two  above  experiments  diflFered  from  those  of  Table  1  only 
in  the  amount  of  water  added,  it  seemed  that  in  these  cases  the  larvae 
might  have  been  mechanically  carried  out  of  the  infestation  centers  by 
the  surface  water.  In  fact,  in  the  examination  of  preparations  in  the 
counting  of  larvae,  they  were  often  found  on  the  surface  film. 

To  determine  the  numbers  of  larvae  that  might  be  carried  from  a 
given  center  by  this  means,  the  following  experiments  (see  Table  2)  , 

TABLE  2. 
Showing  number  of  hooJcworm  larvae  carried  in  surface  fUm. 


Exp. 
No. 

No.  larvae 
used. 

1 

222 

2 

234 

3 

100 

4 

268 

5 

127 

6 

156 

Potttion  of  larvae  No.  larvae  Per  cent, 

in  soil.  j     recovered.  recovery. 


No  larvae  visible 52  23.4 

No  larvae  visible 61  '  26.1 

No  larvae  visible 28  i  28.0 

Larvae  protruding  from  surface 117  43.6 

Larvae  protruding  from  surface 38  ,  29.9 

Larvae  protruding  from  surface 57  '  36.5 


were  made.  Two  hundred  and  twenty-two  active  hookworm  larvae 
were  placed  in  the  center  of  a  6-inch  pudding  pan,  containing  one 
inch  of  clay  loam  soil.  The  lai*\'ae  remained  undisturbed  for  several 
minutes  when  water  w^as  added,  until  the  soil  was  well  covered.  The 
standing  water  was  immediately  drawn  off  with  a  pipette  from  all 
parts  of  the  surface,  except  that  in  which  the  larvae  had  been  placed. 
This  was  C(nitrifu^ated  and  upon  examination  of  the  residue  52  hook- 
wonn  larvae  were  found.  This  .showed  that  23.4  per  cent,  of  the 
total  number  of  larvae,  placed  in  the  infestation  center,  had  been 
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earned  ont  b;  the  water.  Ezperimenta  2  and  3  of  this  table  were 
made  nnder  the  same  conditions  as  the  first,  and  their  results  further 
illnstrate  the  role  water  plays  in  the  dissemination  of  hookworm  larvae. 

In  the  first  three  experiments  of  Table  2  no  larvae  were  visible  on 
the  sarface  of  the  soil,  at  the  time  the  water  was  added.  In  experiments 
4,  5  and  6  of  the  same  table,  the  larvae  had  been  placed  in  the  soil 
15  hours  before  the  water  was  added.  During  that  time  they  had 
established  themselves  on  the  surface  of  the  soil,  and  were  found 
protruding  from  the  prominent  soil  particles  within  the  infested  area. 
Water  was  added  as  before,  until  the  soil  was  well  covered,  and  upon 
examination  of  the  residue  from  the  free  water  slightly  higher  per- 
centages of  the  larvae  were  recovered  than  in  the  first  three  experiments 
(see  Table  2).  Apparently  when  the  larvae  are  well  established  on 
the  surface  of  the  soil,  they  are  more  easily  transferred  to  the  surface 
film. 

That  hookworm  larvae  are  carried  away  from  centers  of  soil  in- 
festation by  the  washing  of  rains,  under  natural  conditions,  is  indi- 
cated by  the  findings  of  Cort  and  Payne  (1922,  p.  141).  Soil  samples 
examined  from  the  drains  in  the  heavily  infested  area  of  the  cane 
field  studied,  showed  that  the  larvae  were  fairly  evenly  distributed 
for  a  distance  of  50  yards.  ■  Soil  pollution  was  found  only  in  the 
higher  parts  of  the  drains  and  their  environs.  The  authors  con- 
sider that  this  distribution  in  the  drains  is  due  to  the  larvae  being 
washed  down  from  the  upper  ends  of  the  drains,  as  well  as  from  the 
areas  drained. 

To  determine  the  number  of  hookworm  larvae  carried  on  the  feet 
of  man,  after  passage  through  areas  of  heavy  soil  infestation,  the 
soil  was  scraped  from  the  shoes  of  three  persons,  after  they  had  com- 
pleted a  pollution  survey  in  a  cane  field  (see  Cort  and  Payne,  1922fl, 
p.  115).'  Soil  obtained  in  this  way  was  esamined  for  hookworm  larvae 
by  the  routine  method,  on  six  different  occasions.  The  findin^rs  varied 
from  2  to  344  hookworm  larvae  ppr  person.  No  appreciable  difference 
was  noted  in  the  number  of  larvae  obtained,  whether  rain  had  fallen 
twenty-four  hours  previous  to  the  sun'ey  or  not.  This  is  explained  by 
the  fact  that  although  the  amount  of  rainfall  varied,  the  soil  in  the 
cane  was  always  moist  enoufrh  to  cling  to  the  shoes  in  considerable 
amonuts.  The  finding  of  344  hookworm  larvae  in  the  soil  adhering 
to  the  shoes  of  one  person  is  significant.  This  person  had  undoubtedly 
stepped  in  a  "nest"  of  larvae  which  was  immediately  transferred 
to  his  shoe.    Had  he  been  barefoot  and  the  mud  remained  on  the  skin. 
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the  resulting  infestation  would  probably  have  been  heavy  from  this 
one  exposure.  Again,  had  the  soil  been  washed  off  or  dropped  on  a 
frequented  path,  there  would  have  been  danger  to  others. 

Domestic  animals  passing  through  infested  areas  likewise  enter 
as  factors  in  the  dissemination  of  hookworm  larvae.  No  actual 
experiments  were  made  to  determine  this  point,  but,  from  observations 
made,  both  in  cacao  groves  and  cane  fields,  it  seemed  evident  that  a 
considerable  amount  of  infested  soil  may  be  scattered  about  in  this 
fashion. 

The  results  of  my  experiments,  as  well  as  field  observations,  have 
shown  that  the  hookworm  larvae  are  not  migratory  during  their  free 
life  in  the  soil  of  Trinidad,  but  that  they  can  be  spread  to  some  extent 
mechanically.  Further  investigations  are  needed  to  test  out,  under 
a  variety  of  conditions,  the  points  brought  out  in  this  study. 

Summary. 

1.  Experiments  carried  on  in  Trinidad,  Briti^  West  Indies,  from 
May  to  September,  1922,  showed  that  infective  hookworm  larvae  placed 
on  moist  soils  do  not  migrate  in  periods  from  15  hours  to  42  days. 

2.  Experiments  show  that  hookworm  larvae  may  be  carried  out 
from  centers  of  soil  infestation  by  surface  water,  and  that  they  can 
establish  themselves  in  the  new  locations  when  the  water  recedes. 

3.  Hookworm  larvae  were  not  found  to  migrate  to  favorable  situa- 
tions when  their  original  environments  become  unfavorable. 

4.  Soil  scraped  from  the  shoes  of  men  passing  through  infested 
areas  was  found  to  contain  hookworm  larvae.  It  is  possible  that 
paths  leading  to  such  areas,  as  well  as  the  immediate  surroundings 
of  dwellings,  become  centers  of  infestation  by  the  dropping  of  such 
soil. 

5.  During  the  time  the  larvae  remained  in  the  soil  there  occurred 
a  reduction  in  their  numbers,  which  increased  with  the  number  of 
days  the  experiment  lasted. 
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INVESTIGATIONS  ON  THE  CONTROL  OP  HOOKWORM 

DISEASE.    IX. 

On  ths  Position  of  the  Infbctivb  Hookworm  Larvae  in  the  Soiu* 

By  DONALD  L.  AUGUSTINE,  B.S. 
(Beoeived  for  publioaticoi  December  13, 1921.) 

Whik  it  is  known  that  the  soil  is  the  natural  habitat  of  the  ^' 
fective  hookworm  larvae,  only  a  few  observations  have  been  made  •f 
to  their  activities  and  position  in  it.    Baermann  (1917,  p.  622),  in  ^^ 
studies  of  the  eonditicms  of  development  and  existence  of  hookwcF^^ 
larvae  in  the  soil,  found  them  to  be  rather  evenly  distributed  throu^?'^' 
out  the  soil  to  a  depth  of  24  cm.    He  did  not  find  them  directly  on  f>-^^ 
surface  but  close  to  it.     In  other  experiments,  where  larvae  w^^^ 
studied  in  soil  overgrown  with  vegetation,  he  found  hookworm  larv^  ^ 
constantly  in  the  soil,  but  never  on  Uie  plants  themselves.    No  inforn^^-*' 
tion  is  given  on  the  exact  conditions  existing  at  the  time  his  obserr""^' 
tions  were  made.    The  data  from  a  series  of  experiments  perfonn^^^ 
by  Dr.  James  E.  Ackert,  to  study  the  conditions  under  which  hoo^^' 
worm  eggs  develop  and  hatch,  show  that  by  far  the  greater  number  c^^^ 
the  hookworm  larvae  which  developed  were  in  the  upper  half  inch  C^ 
the  soil.    The  complete  discussion  of  these  experiments  will  appear  i  '^ 
a  later  number  of  this  series.    Looss  (1905,  English  translation  give 
in  Looss,  1911,  pp.  421^22)  observed  mature  Ankylostoma  larvae  o: 
the  surface  of  charcoal  cultures  when  under  a  high  temperature  an^ 
in  a  moist  atmosphere.    He  found  formations  resembling  short  funga-^ 
hyphae,  weld'ed  together,  which  upon  examination  proved  to  be  hook' 
worm  larvae.    He  further  observed  that  the  larvae  were  not  present 
on  the  surface  when  it  became  drier,  but  upon  addition  of  water  wonlo 
reappear  in  20  to  30  seconds.    Smith  (1905,  p.  192)  records  the  same 
position  of  the  hookworm  larvae  on  the  surface  of  feces,  when  exposed 
to  the  air  for  a  few  days  under  favorable  conditions  of  moisture.    The 

*  This  papor  is  the  ninth  of  the  series  on  the  hookworm  investigations  of  th* 
Department  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health,  Johns  Hop- 
kins University,  carried  on  with  the  cooperation  of  the  International  Health  Board, 
Rockefeller  Foundation. 
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Georgia  State  Board  of  Health  (1910)  makes  the  statement  that 
during  a  rain,  or  when  dew  drops  collect,  hookworm  larvae  find  their 
way  into  the  water  where  they  remain,  if  the  water  does  not  dry  up,  until 
they  have  an  opportunity  to  penetrate  the  human  body.  And  when 
the  dew  drops  dry  or  the  pool  of  water  evaporates  the  larvae  burrow 
into  the  moist  earth,  there  remaining  until  a  fresh  downpour  of  rain 
brings  them  to  the  surface  again.  Dock  and  Bass  (1910)  in  th"eir  book 
on  hookworm  disease  say  that  the  larvae  may  crawl  up  the  leaves, 
stalks  or  fruit  of  vegetables.  No  statement  is  made  of  exact  observa- 
tions of  larvae  doing  this.  Schultz  (1912)  found  that  in  cultures  from 
which  blades  of  grass,  small  sticks,  or  other  objects  project,  upon  which 
a  film  of  water  condenses,  hookworm  larvae  leave  the  cultures,  follow 
the  water  film  and  ascend  to  the  most  advantageous  point  for  contact 
with  an  eventual  host. 

Early  in  the  experiments  performed  in  Trinidad,  British  West 
Indies,  on  the  migration  of  hookworm  larvae  in  the  moist  loam  soils 
(Augustine,  1922)  I  found  them  on  the  surface  extending  from  the 
larger  and  more  prominent  soil  particles.  Th^  greater  number  ap- 
peared singly  like  the  hairs  on  young  plants,  while  others  were  massed 
together  in  fiame-shaped  formations.  Upon  close  examination  with  a 
hand  lens  th^  larvae  seemed  to  be  in  constant  undulating  movement 
which  greatly  increased  when  the  slightest  stimulus  was  applied.  A 
portion  of  the  soil  upon  which  several  larvae  were  extended  was 
placed  on  a  glass  slide  and  treated  with  a  few  drops  of  water.  Upon 
microscopical  examination  both  sheathed  and  unsheathed  larvae  were 
found  which  left  the  soil  and  moved  with  great  rapidity  to  the  margins 
of  the  preparation.  The  bit  of  soil  was  then  broken  and  spread  over 
the  slide.  In  it  several  cast-off  hookworm  sheaths  were  found.  The 
larvae  on  the  surface  of  the  soil  readily  transferred  them^lves  to  most 
objects  that  touched  them,  but  not  to  insects,  such  as  ants,  as  well  as 
small  Arachnids  which  passed  through  and  about  the  infested  centers. 

Larvae  were  found  on  the  surface  of  the  soil  in  all  my  experiments, 
as  long  as  their  numbers  were  sufficiently  large  for  observation  and 
the  soil  was  kept  moist.  In  an  experiment  to  test  the  effect  of  direct 
sunlight  on  the  migrations  of  hookworm  larvae  (Augustine,  1922,  p. 
165)  they  were  found  extended  from  the  soil  particles  as  long  as  the 
soil  remained  moist,  even  at  a  temperature  of  101°  F.  and  in  direct 
sunlight.  As  the  surface  of  the  soil  became  drier  they  left  their  more 
prominent  positions  and  were  found  in  the  deeper  cracks  and  crevices, 
disappearing   altogether   if  the   drying   continued.     If  water  was 
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then  added  the  hookworm  larva'e  reappeared  in  a  few  seconds  in  theii 
previous  positions.  This  process  was  repeated  several  times  a  daj 
with  the  same  result,  until  their  numbers  became  so  reduced  that  ikt 
reactions  could  not  be  observed.  It  seems  clear  from  this  exerimeni 
that  sunlight  in  itself  has  no  effect  upon  the  movements  of  the  larvae 
but  influences  them  indirectly  by  raising  the  temperature  and  in- 
creasing the  rate  of  evaporation. 

In  two  experiments  on  the  migration  of  hookworm  larvae  (Augfus 
tine,  1922,  p.  168),  where  water  covered  the  soil,  hookworm  larvae 
appeared  extended  from  short  sticks,  pebbles  and  larger  soil  particles 
which  protruded  above  the  water.  They  were  usually  motionless,  but 
the  application  of  a  slight  stimulus,  such  as  blowing  over  the  surface 
or  jarring  the  pan,  would  start  them  to  intense  activity,  especially 
where  they  had  formed  themselves  into  petal-like  clumps.  Toothpicks 
were  placed  upright  in  the  soil  in  th«  infestation  centers.  A  few 
hours  later  the  larvae  were  found  one  third  of  the  distance  up  the 
toothpick,  but  only  as  far  as  the  moisture  had  ascended. 

During  the  study  of  the  active  migrations  of  hookworm  larvae  in 
grass-covered  soil  (Augustine,  1922  p.  165)  observations  were  made  tc 
discover  whether  the  larvae  would  climb  upon  the  blades  of  grass  and 
collect  in  drops  of  water,  as  has  been  suggested  might  happen  in  morn- 
ing dew.  With  a  hand  lens  larvae  were  found  at  the  bases  of  the  stems 
and  on  the  soil  within  the  centers  of  infestation.  They  were  also 
found  along  th'e  outer  dead  sheaths  of  the  grass  which  were  moist, 
but  never  on  the  green  stalks  and  blades.  The  green  stalks  and 
blades  were  cut  from  and  surrounding  the  infestation  centers  and 
washed  well  in  water.  This  water  was  then  centrifugated  and  the 
residue  examined  with  the  microscope.  No  hookworm  larvae  were 
found.  This  test  was  repeated  several  times  with  constantly  negative 
results.  The  probable  reason  for  the  larvae  not  creeping  up  the  green 
stalks  and  into  drops  of  water  collected  in  the  axiles  of  the  leaves  is 
that  there  was  no  continuous  film  of  moisture  present  as  on  the  dead 
stalks  and  sticks.  Their  movements  seem  to  be  definitely  limited  by 
the  extent  of  the  moisture  film. 

In  connection  with  a  study  carried  on  by  Cort  and  Payne  (1922, 
p.  149)  to  determine  the  sources  of  infestation  with  hookworm  on  a 
cacao  estate  an  attempt  was  made  to  duplicate  in  the  laboratory  the 
conditions  existing  in  this  enviromn'ent,  to  determine  the  activities 
of  the  infective  hookworm  larvae  under  such  conditions.  In  a  par- 
ticular grove  of  this  estate  the  subsoil  was  a  fine,  compact,  yellow 


CONTROL    OP    HOOKWORM    DISEASE.  175 

The  surface  soil  contained  an  abundance  of  humus  and  was 

CL  loose  texture  and  dark.    Scattered  over  much  of  the  surface  was 

Ictyer  of  decaying  twigs  and  cacao  leaves  whicfh  during  the  rainy 

were  constantly  moistened  by  intermittent  showers.    Here  and 

th^  surface  of  the  yellow  clay  was  exposed,  and  in  other  places 

humus  was  free  from  the  leaves  and  twigs.     Soil  pollution  and 

^^station  was  found  on  all  three  types  of  surfaces.    The  soils,  twigs 

leaves  taken  for  the  laboratory  experiment  were  selected  from 

<5es  widely  separated  from  polluted  areas.    The  yellow  subsoil  was 

1;  placed  to  a  depth  of  1^/4  inches  in  a  circular  pan,  3  feet  in  diam- 

Two  thirds  of  its  surface  was  then  covered  with  the  humus,  and 

*-^^Xi  of  the  humus  area  was  carpeted  with  the  leaves  and  twigs.    At 

center  of  each  of  these  surfaces  were  placed  approximately  1000 

Iworm  larvae,  their  positions  being  marked  by  circles  of  cord.    On 

following  day  a  careful  examination  was  made  with  a  hand  lens. 

:«3ierous  larvae  were  found  extended  from  the  soil  particles  within 

infestation  centers  on  the  yellow  clay  and  humus  soils.    The  larvae 

ch  had  been  placed  upon  the  leaves  were  not  confined  within  the 

er,  but  were  found  distributed  within  a  radius  of  eight  inches. 

y  were  found  on  the  center  margins  and  prominent  veins  of  the 

"^•es  and  on  decaying  bark  of  twigs,  especially  where  the  bark  was 

en  and  distinct  edges  were  formed.    It  is  probable  that  the  greater 

nt  of  distribution  of  the  larvae  on  the  leaves  was  not  due  entirely 

heir  active  migration,  but  was  aided  by  the  washing  of  the  water 

ing  the  process  of  moistening;  for  while  the  water  which  wa3 

was  immediately  absorbed  by  the  two  soils,  it  ran  off  the  leaves, 

one  to  another.     Larvae  were  found  within  the  infestation 

ers  of  the  two  soil  surfaces  at  all  times  until  their  numbers  became 

^^^^tly  depleted.     The  leaves  lost  their  moisture  quickly,  and  when 

^>^^  the  larvae  disappeared  to  the  deeper  moisture  places,  returning  to 

^^eir  former  position  at  the  next  watering. 

The  position  of  the  hookworm  larvae,  as  found  in  these  and  other 
^^Periments,  is  significant  since  it  makes  easy  the  transfer  of  the 
^^irvae  from  the  soil  and  other  infested  objects  to  the  human  foot. 

Summary. 

1.  Infective  hookworm  larvae  under  optimum  conditions  of  mois- 
ture and  temperature  were  found  to  remain  on  and  within  the  upper 
surface  of  the  soil. 
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2.  They  creep  up  pieces  of  wood,  decaying  vegetation  and  other 
objects  only  as  far  as  the  film  of  moisture  extends. 

3.  Hookworm  larvae  were  not  found  within  the  drops  of  water 
collected  in  the  axile  of  the  leaves  of  green  plants  nor  upon  the  leaves 
themselves. 

4.  At  centers  of  soil  infestation,  where  the  surface  is  covered  with 
leaves  or  twigs,  the  infective  hookworm  larvae  were  found  extended 
from  the  leaves  or  twigs  when  moist,  but  in  the  soil  beneath  when  dry. 
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INVESTIGATIONS  ON  THE  CONTROL  OF  HOOKWORM 

DISEASE.     X. 

Experiments  on  the  Length  of  Life  of  Infective  Hookworm 

Larv.ve  in  Soils.* 

By  DONALD  L.  AUGUSTINE,  B.S. 
•   (Received  for  publication  December  13,  1921.) 

Historical  account. 

The  conoeption  of  the  len^h  of  life  of  the  infective  hookworm 

larvae  in  the  soil  which  is  widely  accepted  can  be  illustrated  by  a 

quotation  from  NicoU  (1917,  p.  163)  :  **  These  larvae  (hookworm), 

when  they  reach  this  final  stage  have  ceased  to  feed,  and  they  can 

remain  alive  for  months  and  even  years  under  Citable  conditions,  i.e., 

where  there  is  a  sufficiency  of  moisture  and  not  too  great  heat.    In  the 

laboratory  they  have  been  kept  alive  for  over  18  months  in  plain 

water,  at  a  temperature  of  about  60°  F.    It  can  hardly  be  doubted 

that  they  will  live  fully  as  long  under  natural  conditions,  unless  it 

be  that  they  are  attacked  and  devoured  by  other  animals,  such  as 

aquatic  insects.''    The  evidence  which  points  to  an  extended  period 

of  life  for  the  mature  hookworm  larvae  comes  chiefly  from  the  work 

of  the  first  seven  investigators  listed  in  Table  1.    These  observations 

(see  Table  1)  were  made  upon  sheathed  larvae,  kept  in  moist  feces 

or  water  under  laboratory  conditions  in  the  temperate  zone.    Further, 

thB  inference  has  often  been  drawn,  as  in  the  above  quotation,  that  if 

the  larvae  can  remain  alive  for  such  periods  of  time  under  unnatural 

surroundings,  their  span  of  life  would  be  as  great  or  even  greater, 

when  in  their  natural  environment. 

The  work  of  the  last  three  investigatoi's  summarized  in  Table  1 
needs  further  discussion,  since  their  observations  were  made  under 
natural  conditions.  Leichtenstern  (1887,  p.  669)  found  the  larvae 
of  Ancylostoma  duodenale  alive  in  the  fecal  mass  from  a  brick-yard 

♦  This  paper  is  the  tenth  of  the  .series  on  the  hookworm  investigations  by  the 
Department  of  Medical  Zoology,  School  of  Hygiene  and  Public  Health,  Johns  Hop- 
kins University,  carried  on  with  the  cooi)eratiou  of  the  International  Health  Board, 
Rockefeller  Foundation. 
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latrine  three  months  after  the  laborers  had  left  the  field.    StUes  and 
Gardner   (1910)   found  two  motionless,  but  well-preserved  sheathed 
hookworm  larvae  in  sand  151  days  after  the  sample  had  been  taken 
from  under  a  surface  privy.    In  experiments  by  these  investigators, 


TABLE  1. 

Showing  results  of  previoiLS  authors'  observations  on  length 

of  life  of  hookworm  larvae. 


Authors. 


Leichtenstem,  1887 
GaUi-Valcrio,  1905 
Boycott,  1905 


Loebker  and  Bruns, 

1906 

Oliver,  1910 


Nicoll,  1917 

Leichtenstern,  1887 

Stiles  and  Gardner, 
1910 

Baermann,  1917. . . 


Medium. 


Water 
Moist  feces 
Moist  feces 

Moist  feces 


Water 


Wa«r 


Perroncito,  1913  . .      Water 


Water 

Fecal  material 

Sand 


Soil  covered 
with  sod 


Environmental  conditiona. 


Laboratory  tempera- 
ture in  Germany 

Laboratory  tempera- 
ture in  Switzerland 

Laboratory  tempera- 
ture in  London, 
England 

By  laboratory  window, 
Germany 

Laboratory  tempera^ 
ture,  England 

Laboratory  tempera- 
ture, Italy 

00°,  F. 

Abandoned    latrine    in 
brickyard,  Germany. 

Unheated  laboratory 
during  early  fall,  Wil- 
mington, N.  C. 

In  the  open  shade, 
Sumatra 


Duration  of  ***** 


7  months 

13  months 

More  than  L 
months 

12  months 

15  months 

8-10  months 

18  months 
3  months 

A  few  alive  u; 
4  months 

6  months 


where  feeal  material  containing  hookworm  eggs  was  covered  with 
sterilized  sand,  examinations  made  four  and  five  months  later  disclosed 
no  hookworm  larvae.  These  experiments  were  carried  on  at  unheated 
room  temperature  in  the  early  fall  at  the  United  States  Marine 
Hospital  Station,  Wilmington,  North  Carolina.  Baermann  (1917,  p- 
622)  in  his  studies  on  the  conditions  of  development  and  existence  of 
hookworm  larvae  in  the  tropical  climate  of  Sumatra  found  that  the 
length  of  life  varied  under  different  conditions  of  moisture  and  shade. 
In  one  box,  where  a  stool  containing  hookworm  eggs  was  covered  with 
earth  by  a  sexton  beetle  and  exposed  to  sun  and  rain  without  additional 
moistening,  some  slight  development  took  place,  but  the  larvae  were 
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found  to  have  died  after  three  weeks.  On  shaded,  sprinkled  soil  the 
larvae  developed  in  large  numbers,  lived  for  3  months  and  th^n  died. 
In  boxes  planted  with  grass  extensive  development  of  larvae  took  place 
in  both  sun  and  shade.  He  found  numerous  larvae  in  the  unshaded 
soil  up  to  three  months,  and  a  few  up  to  six  months  in  the  shaded. 
The  results  of  these  experiments  on  the  length  of  life  of  hookworm 
larvae  in  the  soil,  with  conditions  as  nearly  natural  as  possible,  gave 
a  shorter  period  of  life  than  the  others  in  which  the  conditions  were 
more  unnatural,  and  suggest  that  soil  does  not  remain  infective  as 
long  as  has  been  generally  believed. 

Leuckart  (1868,  p.  436),  many  years  ago,  pointed  out  that  the 
mature  larvae  of  Ancylostonxa  caninum  {Dochmius  trignocephalu^) 
live  at  the  expense  of  reserve  food  stored  in  the  cells  of  the  intestine 
during  development,  and  as  time  passes  these  cells  gradually  loose 
their  granules,  until  the  worms  become  transparent.  Looss  (1911,  p. 
419)  concluded  that  if  the  granules  deposited  in  the  body  are  reserve 
food  stores,  which  are  gradually  reabsorbed  during  the  later  life  of 
the  larvae,  a  limit  is  set  to  the  length  of  life,  and  death  will  come 
when  this  supply  is  exhausted.  He  believed  that  the  length  of  life 
would  depend  on  whether  the  supply  of  food  was  consumed  slowly  or 
rapidly,  and  since  temperature  influences  to  a  high  degree  the  motility 
of  the  mature  larvae,  they  would  remain  alive  longer  at  a  low  than 
a  high  temperature.  If  we  accept  this  view  we  should  expect  the  life 
of  th'e  larvae  to  be  the  shortest  under  those  conditions  of  temperature 
which  are  most  favorable  to  intense  activity,  as  in  the  tropics.  The 
results  of  my  experiments  carried  on  in  Trinidad,  British  West  Indies, 
and  the  field  studies  of  Cort  and  Payne  (1922a  and  b)  support  this 
view. 

Material  and  methods. 

The  hookworm  larvae  used  in  tire  experiments  which  will  be  de- 
scribed in  this  paper  were  taken  from  cultures  five  to  eight  days  old, 
with  the  exception  of  those  used  in  the  series  on  the  length  of  life 
of  unsheathed  larvae  which  were  from  an  eighteen-day-old  culture. 
The  same  technique  was  employed  in  counting  and  in  preparing  the 
soils  as  in  the  migration  experiments  previously  described  (Augustine, 
1922a).  Two  sizes  of  containers  were  used,  viz.,  (1)  tin  pudding  pans, 
six  inches  in  diameter  and  two  inches  in  depth,  and  (2)  three-ounce 
glass  jars. 
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Data  on  length  op  life  prom  migration  experiments. 

Early  in  my  work  on  the  migration  of  hookworm  larvae  in  soils 
(Augustine,  1922a)  I  was  struck  by  the  great  reduction  in  the  numbers 
of  larvae  recovered  from  experiments  which  had  run  a  few  weeks. 
Table  2  gives  the  data  on  the  reduction  of  hookworm  larvae  in  ten  of 

TABLE  2. 

Showing  reduction  in  the  nvmbers  of  hookworm  larvae  in 

the  migration  experiments. 


Time 

Larvae  recovered 

» 

No. 

No.  larvae 
placed 

Type  of  soil. 

larvae 
remained 

Ezp. 

in  soil. 

in 

Un- 

eoU.* 

sheathed. 

Sheathed. 

TotaL 

1 

1,000 

Moist  clay  loam 

7  days 

141 

180 

321 

2 

498 

Moist  sand 

10  days 

81 

10 

91 

3 

512 

Moist  clay  loam 

11  days 

234 

3 

237 

4 

1,100 

Moist  olay  loam 

21  days 

11 

7 

18 

5 

392 

Moist  clay  loam  sod 

21  days 

1 

4 

5 

6 

500 

Moist  red  clay  loam 

22  days 

6 

3 

9 

7 

361 

Moist  clav  loam  sod 

30  days 

1 

1 

2 

8 

500 

Moist  clay  loam 

35  days 

2 

3 

5 

9 

426 

Moist  clay  loam 

37  days 

0 

1 

1 

10 

650 

Moist  clay  loam 

42  days 

0 

1 

1 

these  experiments.  Although  the  experiments  were  made  under 
favorable  conditions,  after  a  period  of  twenty-one  days,  there  occurred 
a  reduction  in  the  numbers  of  larvae  of  over  90  per  cent.  Stimulated 
by  these  findings,  experiments  were  planned  to  further  test  this  point. 


Experiments  on  length  of  life  of  mature  hookworm  larvae 

IN  soils. 

Table  3  gives  data  from  a  series  of  thirty  experiments  to  determine 
the  amount  of  mass  reduction  in  a  known  number  of  mature  hookworm 
larvae  in  three  types  of  soil,  viz.,  (1)  clay  loam,  (2)  sand,  and  (3) 
a  clay  loam  soil,  under  favorable  conditions  of  temperature  and  mois- 
ture. In  these  experiments  the  soil  was  placed  to  a  depth  of  11/4  inches 
in  thirty  of  the  six-inch  pans,  ten  pans  with  each  type  of  soil.  Three 
hundred  active,  sheathed  hookworm  larvae  from  cultures  five   and 

*  To  give  the  total  age  of  the  larvae,  at  the  conclusion  of  the  experiment,  the 
time  of  their  development  in  the  cultures  (5  to  7  days)  must  be  added  to  the  time 
thev  remained  in  the  soil. 
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seven  days  old  were  added  to  each  pan.  The  pans  were  then  placed 
in  a  shady  place  and  the  soil  kept  moist  throughout  the  experiment. 
Examinations,  by  the  isolation  apparatus,  of  the  soil  from  one  pan  of 
each  type  were  made  weekly  for  seven  weeks  and  the  larvae  recovered 
counted.  As  the  seventh  examination  gave  negative  findings  for 
hookworm  larvae  the  eighth  examination  was  made  three  days  later. 
As  this  also  proved  to  be  negative  for  all  three  soils  the  experiment 
was  closed.    The  results  of  these  experiments  (Table  3)  indicate  a  rapid 


TABLE  3. 

Showing  mass  reduction  of  hooJcworm  larvae  in  S  types  of  soil. 

In  each  of  the  experiments  300  sheathed  hookworm  larvae,  taken  from  cultures 
5  to  7  days  old,  were  placed  in  6-inch  pudding  pans  containing  1^^  inches  of  soil. 
Experiments  started  July  5,  1921. 


Exp. 
No. 


1 
2 

3  i 

4  I 

5  1 

^ 

7  I 

8  I 

9  i 
and  i 

10 


Date  of 
examination. 


July  12 
July  19 
July  26 
August  2 
August  9 
August  16 
August  23 
August  25 


Not  examined 


Clay  loam  soil. 


Sandy  soil. 


Larvae 
recov- 
ered. 


•3,    OQ 


o 


I 


'  Larvae 

I  rccov- 

Per     I  ®'*<*- 

cent.    I 

re-     I  •      _: 

due-    I  "S  .  ^ 

tion.    I  A-S  i  a  1 


52  1  4  ;56  I 

16  ;  1    17  !    94.3 

14  5   19  1    93.6 

13  5   18  \    94 

5  0,5,    98.3 

1  14  ,15      95 

'0  0  '  0  '  100 

0  0  !  0    100 


38  1 

13  0 

11  1 

6  8 

4  0 

0  0 

0;  0 


o 


81.3    123  1  9  i  132 


39 

13 

12 

14 

4 

0 

0 


• 

Clay  loam  aoiL 

Per 
cent. 

Larvae 
recov- 
ered. 

Per 
cent. 

re- 
duc- 
tion. 

41 

1 

re- 
„•      duo- 
^      tion. 

o 
H 

1 

56 

87 


30 
10 


95.6  ;i5 


96 

95.3 

98.6 

100 

100 


0 
6 
2 
0 
0 


9 
2 
3 
0 

8 
7 
0 
0 


;39 

1 12 

118 

lo 

14 
\9 

!n 
I  0 


87 

96 

94 
100 

95.3 

97 
100 
100 


dying  oflP  of  the  larvae  within  the  first  two  weeks  of  the  experiment. 
If  the  time  of  development  in  the  cultures  is  added,  it  is  seen  that  in 
three  weeks  after  the  eggs  left  the  host  90  per  cent,  of  the  larvae  which 
developed  to  the  infective  stage  had  perished.  The  significant  points 
brought  out  in  this  series  (Table  3)  are  (1)  the  high  reduction  occur- 
ring within  two  or  three  weeks,  (2)  the  fairly  constant  number  of 
larvae  remaining  alive  up  to  seven  weeks,  and  (3)  a  complete  dying 
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out  after  that  time.  It  would  therefore  appear  that  the  activities 
of  the  larvae  are  at  first  intense,  which  is  followed  almost  immediately 
by  a  high  death  rate. 

TABLE  4. 
Showing  mass  reduction  of  hooTcworm  larvae  in  a  clay  loam  and  sandy  to^. 
In  aU  these  experiments  the  3-oz.  glass  jars  were  used^  fiUed  %  full  with  soil. 


Exp. 

No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


All  experiments 
started 
July  19. 


Date  of 
examination. 


July  22 
July  25 
July  28 
July  31 
Aug.  3 
Aug.  6 
Aug.  9 
Aug.  12 
Aug.  15 
Auk.  18 


Num- 
ber of 
larvae 
placed 
in 
s(nl. 


300 
300 
300 
300 
300 
300 
300 
300 
300 
300 


Clay  loam  soil. 


Larvae 
recovered. 


P 


•a 


128 

115 

69 

42 

59 

33 

40 

5 

13 

3 


M 
QQ 


161 

144 

54 

29 

29 

12 

7 

0 

5 

0 


289 

259 

123 

71 

88 

45 

47 

5 

18 
3 


Per 

cent. 

reduo- 

tion. 


3.6 

13.6 
59.0 
76.3 
70.6 
85.0 
84.3 
98.3 
94.0 
99.0 


Num- 
ber of 
larvae 
placed 
in 
soil. 


300 
311 
321 
308 
303 
316 
304 
331 
325 
304 


Sand. 


Larvae 
recovered. 


a 


83 
99 
90 
107 
29 
48 
40 
38 
26 
21 


I 


159 

96 

«7 

70 

9 

3 

15 

0 

1 

1 


o 


242 

195 

157 

177 

38 

51 

55 

38 

27 

22 


Per 
cent 

tioo. 


19.3 
37.2 
51.0 
42.5 
87.4 
83.8 
81.9 
88.8 
'91.6 
92.1 


Table  4  gives  the  results  of  a  series  of  experiments  similar  to  those 
summarized  in  Table  3,  except  that  the  examinations  were  made  every 
third  day  and  the  containers  were  the  three-ounce  glass  jars.  As 
the  data  show,  the  greatest  reduction  occurred  about  two  weeks  after 
the  experiment  was  started,  or  about  three  weeks  after  the  deposition 
of  the  eggs. 


The  relation  of  loss  of  shkvth  to  length  of  life. 
As  has  been  previously  stated  (Cort,  Augustine,  et  al.,  1922)  8 

• 

large  proportion  of  the  mature  hookworm  larvae  lose  their  sheaths  m 
the  soil.  This  discovery  immediately  introduces  a  new  factor  into  the 
study  of  the  length  of  life  of  the  infective  hookworm  larvae.  Three 
questions  present  themselves,  viz.,  (1)  Does  the  loss  of  the  protective 
sheath  directly  shorten  the  life  of  the  larvae?  (2)  Does  the  loss  of 
sheath  make  the  larvae  more  susceptible  to  unfavorable  conditions  of 
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environment  and  thus  shorten  their  life  under  certain  conditionsT 
and  (3)  Does  the  loss  of  sheath  render  the  larvae  non-infective,  which 
would  be  the  equivalent  of  terminating  their  lives? 


TABLE  5. 

On  the  mass  reduction  of  hookworm  larvae  in  loam  soil  from  cane  field. 

Ten  experiments  started  July  18,  with  100  unsheathed  larvae  in  each.     AU 
larvae  were  obtained  from  same  culture,  18  days  old. 


Experiment 

Date  of 

Number  of  larvae 

Per  cent. 

number. 

examination. 

recovered. 

reduction. 

1 

July  21 

87 

13 

2 

July  24 

52 

48 

3 

July  27 

51 

49 

4 

July  30 

15 

85 

5 

August    2 

13 

87 

6 

August    5 

4 

96 

7 

August   8 

7 

93 

8 

August  11 

0 

1 
•  • 

9 

August  12 

0 

•  • 

10 

August  12 

0 

•  • 

Table  5  gives  the  data  on  a  series  of  experiments  on  the  length  of 

2ife  of  unsheathed  hookworm  larvae  in  clay  loam  soil  under  favorable 

^3onditions.    The  larvae  uSed  in  these  experiments  were  isolated  from 

^3oil   on  which  a  stool  containing  hookworm  eggs  had  been  placed 

eighteen  days  before.    Of  the  1,300  larvae  obtained  only  10  were  found 

^enclosed  in  sheaths.    The  experiments  were  made  under  the  same  en- 

■^rironment  as  those  with  the  sheathed  forms.    Examinations  were  made 

^very  third  day  as  long  as  the  results  were  positive.    After  the  first 

^^legative  appeared,  which  was  24  days  after  the  experiments  were 

started,  or  42  days  after  the  stool  had  been  placed  on  the  soil,  the  re- 

:Kiiaining  jars  were  examined  on  the  day  following.    These  were  likewise 

xiegative.    While  this  series  of  experiments  indicates  that  the  life  of 

^he  unsheathed  hookworm  larvae  mav  be  similar  to  that  of  the  sheathed 

forms  it  must  be  taken  into  consideration  that  there  undoubtedly  had 

recurred  a  great  reduction  in  the  numbers  of  larvae  before  isolating 

them  from  the  culture,  and  that  the  larvae  used  in  the  experiment  were 

the  survivors  of  this  reduction. 

While  no  experiments  were  made  to  test  the  comparative  resistance 
of  the  unsheathed  and  the  sheathed  larvae,  it  was  found  that  upon  the 
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addition  of  a  few  drops  of  dilute  formalin  (See  Cort,  Ackert,  et  al., 
1922,  p.  5)  to  the  preparation  before  counting,  the  unsheathed  larvae 
quickly  succumbed,  while  the  sheathed  forms  were  stimulated  to 
greater  activity,  and  could  resist  the  formalin  for  a  considerable  time. 
This  observation  indicates,  as  would  be  naturally  inferred,  that  un- 
sheathed  larvae  are  less  resistant  to  unfavorable  conditions  than 
sheathed.     This  would  then  lead  to  a  more  rapid  dying  of  the  un- 
sheathed larvae  whenever  conditions  became  unfavorable.    Since  our 
present  knowledge  of  the  resistance  of  the  mature  hookworm  larvae  to 
various  conditions  is  based  entirely  upon  studies  of  the  sheathed 
forms  it  will  be  necessary  to  repeat  much  of  this  work  with  the 
unsheathed  larvae,  to  determine  what  actually  happens  under  natural 
conditions. 

That  sheathed  hookworm  larvae  complete  their  second  ecdysis, 
while  penetrating  the  skin,  and  become  adults  in  the  intestines  of  man 
has  been  conclusively  demonstrated  by  a  number  of  investigators. 
Whether  the  loosing  of  the  sheath  in  the  soil  renders  the  larvae  non- 
infective,  as  far  as  man  is  concerned,  which  would  be  equivalent  to 
their  death,  is  not  yet  known.  To  gain  information  on  this  point 
unsheathed  larvae  were  applied  to  the  shaven  belly  of  a  male  whit« 
rat,  sixteen  months  old.  Upon  examination  with  a  binocular  micro- 
scope the  larvae  were  seen  to  quickly  spread  themselves  over  the 
surface  of  the  skin  as  far  as  the  moisture  extended.  As  the  moisture 
around  the  larvae  evaporated  penetrating  movements  were  started. 
The  anterior  ends  of  the  worms  would  be  lifted  into  the  air  and  then 
turned  toward  the  skin  again,  touching  here  and  there  as  if  seeking 
some  port  of  entry.  In  one  particular  instance  a  larva  was  seen  to 
leave  the  shaven  area,  to  settle  at  the  base  of  a  hair  and  push  one  third 
of  its  body  into  the  hair  follicle.  Then  after  a  moment's  rest  the 
posterior  end  swung  up  parallel  with  the  hair  and  with  several  slow 
twists  the  worm  moved  fui-ther  into  the  skin  and  again  rested.  This 
movement  was  repeated  several  times  until  the  tail  of  the  worm 
vanished  beneath  the  surface  of  the  skin.  Two  other  unsheathed 
larvae  were  seen  to  penetrate  the  skin  within  the  shaven  area.  The 
entire  process  took  less  than  a  half  hour.  One  hour  later  water 
was  applied  to  the  infected  spot  and  upon  microscopical  examination 
no  larvae  were  found.  While  this  observation  only  shows  that  un- 
sheathed hookworm  larvae  can  penetrate  mammalian  skin,  it  seems 
very  probable  that  they  can  also  reach  the  intestine  and  grow  to 
maturity.     Further  experiments  are  needed  to  clear  up  this  point. 
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Discussion  op  results. 

This  experimental  evidence  on  the  length  of  life  of  the  infective 
hookworm  larvae  in  the  soil  is  supported  by  the  field  observations  of 
Cort  and  Payne  (1922fl,  p.  138).  In  one  instance  soil  pollution  was 
found  near  the  edge  of  a  cane  field  and  soil  samples  from  this  area 
showed  it  to  be  an  intense  center  of  infestation.  This  area  was  visited 
frequently  at  later  intervals,  but  no  further  evidence  of  soil  pollution 
was  found.  Soil  samples,  taken  three  weeks  later  from  the  same 
place,  yielded  but  nine  hookworm  larvae,  and  later  examinations  showed 
a  complete  dying  out  of  the  larvae.  More  striking  still  is  their  study 
of  the  mass  reduction  of  hookworm  larvae  in  a  chosen  area  of  this  field 
which,  before  educational  work,  sanitation,  and  treatment  were  started, 
was  found  to  have  a  very  heavy  infestation  with  hookworm  larvae. 
In  less  than  three  weeks  after  the  reduction  of  soil  pollution,  which 
immediately  followed  the  introduction  of  control  measures,  a  second 
series  of  examinations  was  made.  The  results  of  these  examinations 
showed  a  reduction  of  over  90  per  cent,  from  the  first  series.  Sub- 
sequent examinations  of  samples  taken  from  this  area  showed  still 
further  reductions.  In  about  six  weeks  after  pollution  of  the  soil  had 
been  stopped  this  once  heavily  infested  strip  of  cane  field  had  become 
practically  free  from  hookworm  larvae.  Similar  results  were  obtained 
during  their  studies  on  the  sources  of  hookworm  infestation  in  a  cacao 
grove  (Cort  and  Payne,  1922&).  Although  soil  pollution  was  not 
checked  samples  of  soil  taken  from  grossly  polluted  areas,  six  weeks 
after  treatment,  showed  a  marked  reduction  in  the  number  of  infective 
hookworm  larvae  present. 

The  results  of  these  laboratory  experiments  and  field  observations 
show  that  the  life  of  the  hookworm  larvae  in  the  soils  of  Trinidad  is 
limited  to  a  few  weeks.  Whether  this  finding  is  constant  under  a 
variety  of  conditions  is  not  known,  and  experiments  are  planned  to  test 
this  point.  These  results  are  very  different  from  those  obtained  with 
sheathed  larvae  under  laboratory  conditions  at  lower  temperatures. 
It  would  seem  that  the  differences  in  these  results  can  be  explained  by 
differences  in  the  conditions  of  the  experiments.  The  conditions  of 
the  experiments  of  the  early  workers  (see  Table  1),  in  which  larvae 
were  kept  alive  for  such  long  periods,  were  such  that  the  activities  of 
the  larvae  were  greatly  reduced  and  the  protective  sheaths  retained. 
In  my  experiments  in  Trinidad  the  daily  range  of  temperature  during 
the  course  of  the  work  was  from  about  74®  F.  to  94:®  F.,  a  temperature 
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which,  if  othejr  conditions  were  favorable,  tended  to  keep  the  larvae 
active.  Further  it  was  found  that  a  large  proportion  of  the  larvae 
lost  their  sheaths  in  the  soil.  While  it  is  not  possible  from  the  in- 
formation at  hand  to  find  any  direct  correlation  between  tiie  process 
of  unsheathing  and  the  death  rate  under  favorable  conditions,  it  was 
found  that  the  unsheathed  larvae  are  more  si^sceptible  when  in  un- 
favorable environments.  As  the  unsheathing  of  the  larvae  appears  to 
be  a  continuous  process,  as  long  as  the  soil  remains  infective,  the 
newly  unsheathed  larvae  would  be  constantly  killed  when  becoming 
exposed  to  diverse  conditions,  even  though  sheathed  larvae  were  able 
to  withstand  the  diversity.  It  can  be  concluded,  therefore,  that 
conditions  favorable  to  intense  activity  and  to  the  loss  of  the  sheath 
will  tend  to  shorten  the  life  of  mature  hookworm  larvae  in  the  soil. 

Summary. 

1.  From  the  observations  of  various  investigators  on  hookworm 
larvae  under  unnatural  conditions  the  opinion  has  become  current  that 
they  live  for  months  or  even  years  in  the  soil,  under  favorable  con- 
ditions of  temperature  and  moisture. 

2.  Laboratory  experiments  carried  on  in  Trinidad,  British  West 
Indies,  from  May  to  September,  1921,  show  that  a  rapid  reduction  m 
the  number  of  hookworm  larvae  occurs  in  soils  of  various  types,  and 
that  the  extent  of  their  life  is  limited  to  about  six  weeks. 

3.  The  completion  of  the  second  ecdysis  of  the  infective  hookworm 
larvae  in  the  soil  presents  a  new  factor  in  determining  their  length  of 
life,  which  was  not  found  to  directly  shorten  the  life  of  the  lar^'^e 
under  favorable  conditions,  but  renders  them  more  susceptible  when 
in  unfavorable  environments. 

4.  Experimental  evidence  indicates  that  the  loss  of  sheath  does  not 
render  the  mature  larvae  non-infective  which  would  be  the  equivaleii^ 
of  their  death. 

5.  The  conclusion  can  be  drawn  that  environmental  conditions^ 
such  as  tropical  temperatures  which  tend  to  increase  the  activity  ^^ 
the  mature  hookworm  larvae,  will  shorten  their  lives  by  the  more 
rapid  using  up  of  the  stored  food  material. 
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INVESTIGATIONS  ON  THE  CONTROL  OP  HOOKWORM  DIS- 
EASE.    XI.    VERTICAL  MIGRATION  OF  INFEC- 
TIVE HOOKWORM  LARVAE  IN  THE  SOIL 
(PRELIMINARY  REPORT).* 

By  FLORENCfE  KING  PAYNE.  M.D. 

(Received  for  publication  February  Ist,  1922.) 

Platea  XI  to  XHI. 

Introduction. 

There  have  been  a  number  of  studies  of  the  migration  of  hookworm 
larvae  on  the  surface  of  soil  and  on  the  walls  of  mine  shafts,  but  in- 
vestigations of  their  travels  beneath  the  surface  have  been  hampered 
by  the  lack  of  adequate  means  of  isolating  them  from  surrounding 
media.  The  development  of  a  successful  method  of  isolation  (Cort, 
Augustine,  Ackert  and  Payne,  1922;  Baermann,  1917)  has  given  an 
opportunity  for  the  pursuit  of  studies  of  such  migrations. 

The  vertical  migrations  of  hookworm  larvae  may  aflfect  practical 
hookworm  control  in  two  chief  ways :  First,  by  the  possible  retirement 
of  the  larvae  during  dry  weather  from  the  surface  to  zones  of  more 
moisture.     Second,  by  the  possible  migration  upward  of  lar\'ae  which 
are  beneath  the  surface.     Studies  of  such  migrations  should  assist  in 
the  evaluation  of  methods  of  excrement  disposal,  especially'  where 
burial  is  i)racticed  or  pit  latrines  are  used.     The  present  study  con- 
sidered  only  the  second  phase  of  vertical  migration.     Each  experi- 
ment was  based  on  tlie  assumption  that  excrement  containing  ftJly 
developed  larv^ae  had  been  buried  at  a  known  distance  beneath  the  sur- 
face.    The  object  was  to  determine  whether  larvae  were  likely  to 
reacli  the  surface  in  sufficient  numbers  to  i)roduce  an  infective  focus. 

Methods. 
Samples  of  the  three  types  of  soil  which  were  used  were  obtained 
ill  quantities  of  fifty  pounds  to  one   hundred   pounds.     Each  was 

*  This  paper  is  the  eleventh  of  the  series  of  hookworm  investigations  made  by 
the  Department  of  Medical  Zoology,  School  of  Hvgiene  and  Public  Health,  JohM 
Iloiikins  University,  with  the  cooperation  of  the  International  Health  Board. 
Koekefeller  Foundation. 
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thoroughly  mixed  to  obtain  uniform  distribution  of  the  various  constit- 
uents. Portions  of  each  sample  were  dried  at  a  temperature  of 
about  60**  C.  and  were  pulverized.  It  was  determined  by  experiment 
that  drying  at  this  temperature  was  sufficient  to  kill  any  nematodes  or 
larvae,  but  waa  not  high  enough  to  char  organic  matter.  The  dried 
soil  was  kept  aa  the  stock  from  which  material  for  the  various  experi- 
ments was  obtained. 

Containers  for  the  experiments  were  of  various  sizes.  The  ones 
most  used  were  tin  sleeves,  about  three  inches  in  diameter  and  five 
inches  high.  They  were  slightly  tapered  so  that  two  or  more  could 
be  joined  to  obtain  additional  length.  Other  containers  of  various 
sizes  and  forms  were  used  in  a  few  experiments  and  will  be  described 
with  them. 

Except  where  otherwise  specified,  only  w^ell  developed  Necator 
americanus  larvae  were  used.  The  methods  of  culture  and  of  isola- 
tion of  the  larvae  have  been  given  in  an  earlier  paper  of  this  series 
(Cort  et  al.,  1922).  In  nearly  all  experiments  the  larvae  were  counted 
and  were  placed  in  a  thin  layer  of  moist  soil  on  the  bottom  of  the 
container. 

The  determination  of  the  extent  of  upward  migration  accomplished 
by  the  larvae  was  made  by  removing  the  soil  from  the  container  in 
layers  of  measured  thickness.  Each  layer  was  placed  in  an  isolation 
apparatus  and  the  larvae  were  recovered  from  it  according  to  the 
method  to  which  reference  has  been  made.  The  larvae  recovered  from 
each  layer  were  counted. 

Experimental  Work. 

Experiments  were  conducted  to  test  the  effect  of  the  following 
factors  on  the  upward  migration  of  hookworm  larvae : 

1.  Moisture  content. 

2.  Conditions  simulating  the  rise  of  ground  water. 

3.  Type  of  soil. 

Another  series  of  experiments  was  made  to  study  the  disappear- 
ance of  nutritive  material  from  the  bodies  of  the  larvae  at  various 
stages  of  migration. 

The  first  experiments  were  designed  to  test  the  eifect  on  vertical 
migration  of  different  degrees  of  moisture,  uniformly  distributed 
through  the  soil.     In  all  of  these  experiments  soil  from  the  same  lot 
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"was  used.  It  was  typical  of  the  soil  in  the  region  of  Princes'  Town 
and  was  made  up  of  a  mixture  of  marl,  clay,  and  humus.  For  con- 
venience it  is  designated  in  the  description  of  the  present  experiments 
as  "garden  soil."     The  standard  tin  sleeve  containers  were  used. 

The  experiments  were  performed  during  the  rainy  season  and 
specimens  of  soil  obtained  from  fields  which  were  known  to  harbor 
hookworm  larvae  contained  from  33.5  to  48.7  per  cent,  of  water.  In 
the  laboratory,  however,  it  was  found  impracticable  to  prepare  a  mix- 
ture of  dried  soil  and  water  with  uniform  distribution,  in  which  there 
was  less  than  40  per  cent,  of  water.  In  the  experiments  with  water- 
logged soil  the  earth  was  saturated  throughout,  and  additional  water 
i^as  added  so  that  the  surface  of  the  sample  was  always  submerged. 
Table  1  shows  the  results  of  a  series  of  ten  experiments  which  were 
made  to  test  the  influence  of  the  moisture  content  on  vertical  migra- 
tion of  hookworm  larvae.  From  specimens  of  which  the  moisture 
content  was  40  to  42.7  per  cent.  (Table  1,  Experiments  1-7),  1877 
larvae  were  recovered.  Of  these,  1798  or  95.7  per  cent,  were  in  the 
lowest  inch  of  the  specimen ;  that  is,  in  the  periods  of  four  to  thirteen 
days  between  inoculation  and  recovery  there  was  no  evidence  of  ef- 
fective migration.  From  the  specimen  left  for  nine  days,  only  6  per 
cent,  of  the  larvae  originally  used  were  recovered,  and  from  the  speci- 
men left  for  thirteen  days  no  larvae  were  recovered. 

Prom  specimens  which  were  water-logged  (Table  1,  Experiments 
8-10),  175  larvae  were  recovered.  Of  these,  only  8  had  migrated  more 
than  three  fourths  of  an  inch.  The  supernatant  water  on  these  speci- 
mens was  examined'  daily  for  larvae,  and  none  was  found  in  any 
experiment.  It  would  appear  that  tlie  death  rate  in  those  specimens 
was  high. 

The  failure  of  extensive  vertical  migration  to  occur  under  condi- 
tions of  relatively  uniform  distribution  of  moisture  led  to  the  attempt 
to  simulate  some  conditions  existing  in  nature.  Various  efforts  were 
made  to  bring  about  experimental  conditions  which  w^ould  resemble 
those  existing  in  the  soil  during  the  rise  of  ground  water  from  the 
water  table  to  the  drying  surface. 

In  experiment  No.  11  (see  Table  2),  dry  soil  was  placed  in  a  glass 
tube  three  eighths  of  an  inch  in  diameter  to  a  depth  of  three  and  one 
half  inches.  More  than  one  thousand  lan^ae  were  placed  in  the  lower 
end  on  a  little  moist  earth.  This  end  was  closed  wnth  a  stopper  into 
which  was  inserted  a  very  slender  glass  tube  bent  in  the  form  of  a  U. 
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The  tube  of  earth  was  then  placed  in  a  vertical  position.  Water  was 
introduced,  a  few  drops  at  a  time,  through  the  U  tube.  Care  was 
taken  that  the  level  of  the  water  in  the  U  tube  should  not  be  higher 
than  the  lower  end  of  the  column  of  earth  in  the  larger  tube.  In  the 
course  of  a  few  hours  water  had  permeated  throughout  the  soil.  Of 
345  larvae  which  were  found  in  the  top  one  fourth  of  an  inch  of  the 
earth  on  the  following  day,  117  were  recovered  from  the  uppermost 
lump  of  earth  which  measured  about  one  eighth  of  an  inch  in  diameter. 

In  experiment  No.  12  (see  Table  2),  one  of  the  standard  tin  sleeves 
was  used.  This  was  set  on  a  flat  tin  surface,  and  the  larvae  were 
placed  in  the  bottom  in  a  bit  of  moist  earth.  Dry  earth  was  then 
poured  into  the  sleeve  to  a  depth  of  four  inches,  and  in  the  center 
additional  earth  was  piled  to  form  a  cone  one  half  inch  in  height 
A  little  water  was  placed  on  the  flat  surface  outside  the  container, 
and  it  was  renewed  as  rapidly  as  it  was  taken  up  by  the  soil.  The 
surface  of  the  soil  in  this  container  was  examined  from  day  to  day. 
After  twenty-four  hours  it  was  estimated  that  about  300  larvae  could 
be  found  with  a  binocular  microscope.  The  container  was  kept  op-^ 
and  no  attempt  was  made  to  prevent  drying  of  the  surface.  After 
a  few  days  only  empty  sheaths  were  visible  on  the  surface  of  the  higher 
lumps  of  earth,  while  larvae  could  be  seen  at  lower  levels.  A  control 
experiment  was  conducted  in  the  same  manner,  but  without  larvae, 
and  on  the  eighth  day  the  moisture  content  of  the  soil  was  found  to 
be  42.3  per  cent. 

In  order  to  eliminate  the  possibility  of  larvae  ascending  the  walls 
of  the  container  instead  of  migrating  through  the  earth,  experiment 
No.  13  (see  Table  2)  was  performed,  with  a  container  five  iuehe^ 
square.  This  experiment  was  carried  out  in  the  same  manner  as 
No.  12,  but  drj'ing  for  such  a  long  time  was  not  permitted. 

In  experiment  No.  14  (see  Table  2)  there  was  used  a  deeper  layer 
of  earth  than  in  the  previous  experiments,  and  in  order  to  obtain  a 
continuous  water  column  from  the  bottom  to  the  top,  it  was  necessarj- 
to  moisten  the  top  layers  of  earth. 

In  the  four  experiments  recorded  in  Table  2  migration  was  more 
sueeessfiil.  Of  1094  lar\'ae  recovered,  only  165  or  15.1  per  cent,  were 
found  within  one  inch  of  the  bottom  of  the  container.  814  or  74.4  per 
cent,  had  niigrat(»d  three  inches  or  more  before  recovery;  235  had  mi- 
gi'ated  four  inches  or  more,  and  169  five  inches  or  more.  The  greatest 
distance  not(Hl  was  in  the  ease  of  three  larvae,  in  experiment  No.  14, 
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which  were  recovered  from  zone  seven  and  one  half  to  eight  and 
one  half  inches  from  the  bottom. 

The  experiments  which  have  been  described  involved  studies  of 
migration  in  only  one  type  of  soil,  and  this  a  type  which  is  common 
in  relatively  restricted  areas.  In  order  to  determine  whether  migra- 
tion might  be  more  successful  in  other  soils  a  preliminary  series  of 
experiments  was  made  with  two  others  which  were  available  at  the 
time.  One  of  these  was  composed  almost  entirely  of  very  fine  white 
sand,  the  other  was  of  sand  mixed  with  finely  divided  particles  of  red 
clay.  The  experiments  with  soils  were  conducted  in  small  containers 
with  a  depth  of  soil  of  about  two  inches.  The  technique  was  identical 
with  that  described  in  the  experiments  above  which  simulated  the 
rise  of  ground  water,  except  that  the  larvae  were  not  recovered.  The 
success  of  migration  was  tested  by  frequent  search  for  larvae  on  the 
surface  of  the  soil  by  means  of  a  hand  lens  or  binocular.  Each  experi- 
ment was  controlled  by  a  similar  preparation  in  which  garden  soil 
was  used. 

Six  series  of  experiments  were  made  in  the  attempt  to  establish 
conditions  under  which  successful  migration  would  occur  in  these 
soils.  The  experiments  with  the  white  sand  were  uniformly  unsuc- 
cessful. No  larvae  were  found  on  the  surface  of  this  soil.  In  the 
case  of  the  mixture  of  sand  and  rod  clay,  there  were  found  at  the  end 
of  twenty-four  hours  in  each  experiment  a  few  larvae,  but  never 
so  many  as  were  seen  on  the  garden  soil  control. 

The  results  of  the  experiments  which  have  been  described  indicate 
that  in  the  typos  of  soil  which  have  been  studied  vertical  migration 
takes  place  throu<?h  only  a  limited  range,  except  under  the  most 
favorable  conditions.  Studies  of  the  larvae,  used  in  the  experiments, 
showed  that  there  was  little  or  no  migration,  if  the  food  granules  were 
sparse,  and  anatomical  details  wore  readily  made  out.  Larvae,  which 
in  the  beginning  were  so  thiokly  studded  with  granules  that  verj- 
little  internal  structure  could  be  distinguished,  showed,  after  migra- 
tion of  a  few  inches,  a  groat  diminution  in  granules  and  a  general 
appearance  similar  to  that  pictured  by  Looss  (1911)  in  a  larvaj  reared 
in  a  medium  with  insufficient  nutriment.  These  observations  led  to 
a  series  of  oxporinionts  to  study  the  diminution  in  the  number  of 
graiuilos  in  relation  to  the  various  distances  migrated. 

Six  different  lots  of  well  developed  and  nourished  larvae  were 
used  for  this  experiment,  and  with  each  lot  several  preparations  of 
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diflPerent  depths  were  made  according  to  the  technique  described  for 
the  experiments  simulating  the  rise  of  ground  water.  The  distri- 
bution of  food  granules  was  studied  in  the  larvae  of  each  lot,  in  the 
larvae  which  came  to  the  surface  of  the  preparations,  and  in  the  larvae 
which  were  recovered  from  various  zones  of  the  deeper  preparations. 
Photomicrographs  were  made  of  typical  larvae  of  each  lot  and  of 
larvae  from  each  stage  of  migration.  The  preparation  of  the  photo- 
micrographs was  done  by  Dr.  Geo.  C.  Payne,  and  acknowledgment  is 
made  to  him  for  his  assistance  as  well  as  to  Dr.  K.  S.  Wise,  Surgeon- 
Greneral,  and  Dr.  Baeza,  Acting  Government  Bacteriologist,  for  the 
use  of  necessary  apparatus. 

The  experiments  were  conducted  under  fairly  uniform  tempera- 
ture conditions.  Room  tempera;ture  varied  from  about  72  to  87**  P. 
All  experiments  were  carried  through  in  as  short  a  time  as  was  con- 
sistent with  the  height  of  migration  which  was  desired.  Even  the 
highest  migration  took  place  within  less  than  a  week  from  the  prepa- 
ration of  the  lot,  and  four  days  from  the  actual  inoculation  of  the  soil. 
Portions  of  the  supply  of  stock  larvae  were  retained  in  each  instance 
and  were  kept  in  clean  water  as  controls  to  show  the  changes  in  the 
distribution  of  food  granules  in  inactive  larvae.  Observations  on  the 
controls  showed  that  there  was  no  appreciable  diminution  in  the  num- 
ber of  food  granules' during  the  period  of  any  experiment.  In  in- 
terpreting these  experiments  it  is  to  be  understood  that  the  total  dis- 
tance travelled  by  a  larva  is  much  greater  than  the  vertical  distance 
of  apparent  migration.  Hand  lens  studies  of  the  activities  of  larvae 
in  vertical  glass  tubes  containing  earth  showed  that  a  larva  frequently 
traverses  the  same  zone  many  times  before  finally  leaving  it  for  a 
higher  one. 

Diminution  in  the  number  of  food  granules  was  shown  after  migra- 
tion of  one  inch,  which  was  the  smallest  distance  at  which  studies  were 
made,  and  when  only  eighteen  hours  had  elapsed  from  the  time  of 
inoculation.  The  loss  of  granules  was  apparently  progressive  and 
constant  with  farther  migration  and  with  the  passage  of  more  time, 
so  long  as  activity  was  maintained.  Because  of  the  devious  courses 
taken  by  the  larvae  in  their  travels  there  v.-as  a  certain  amount  of 
variation  in  the  diminution  of  granules  in  larvae  from  the  same  lot 
and  the  same  zone,  but  when  representative  individuals  were  selected 
from  each  zone  the  disappearance  of  the  granules  could  be  followed 
with  a  fair  degree  of  accuracy.     There  appeared  to  be  an  early  diminu- 
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tion  iu  the  number  of  granules  in  the  anterior  portion  of  the  larvae, 
and  this  was  followed  by  an  apparent  increase  in  the  width  of  the 
lumen  of  the  intestine,  probably  due  to  a  decrease  in  depth  of  the 
intestinal  cells.  The  accompanying  figures  show  a  characteristic  series 
of  such  changes  in  larvae  from  one  lot,  and  from  diflFerent  zones  of 
migration  up  to  six  and  three  fourths  inches  (See  Plaftes  XI  to  XIII, 
Figs.  1-11). 

Summary. 

• 

1.  In  garden  soil  with  uniform  conditions  of  moisture  throughout 
the  sample  very  few  A',  americanus  larvae  migrated  more  than  two 
inches  above  tlie  point  of  inoculation. 

2.  In  water-logged  garden  soil  there  was  apparently  a  ver>-  high 
death  rate  and  there  was  little  migration. 

3.  In  garden  soil  in  which  the  conditions  of  rising  ground  water 
were  simulated  74.4  per  cent,  of  the  larvae  recovered  had  migrated 
three  inches  or  more,  15.4  per  cent,  had  migrated  five  inches  or  more, 
while  a  few  liad  migrated  more  than  seven  and  one  half  inches. 

4.  Migration  was  apparently  more  difficult  in  the  f^peciniens  of 
fine  sand  and  the  mixture  of  clay  and  sand  than  in  the  specimens  of 
garden  soil. 

5.  The  food  supply  carried  by  N.  americanus  larvae  apparently 
restricts  the  range  of  their  vertical  migration  to  narrow  limits,  since 
a  distinct  roduclion  in  the  granules  in  the  intestinal  wall  could  b'.» 
noted  after  vertical  migrations  of  only  an  inch  or  two,  and  almost  a 
eomplf»te  loss  of  those  jTranules  eanie  about  in  those  which  had  mi- 
grated for  live  or  six  inclirs. 
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EXPLANATION  OF  PLATES. 

Plate  XI. 

Fio.  1.    Larva  from  lot  No.  4,  before  migration,  low-power. 

Fio.  2.    Larva  from  lot  No.  4,  before  migration,  high-power. 

Fio.  3.  Lana  from  lot  No.  4,  after  migrating  a  vertical  distance  of  tAvo 
inches,  low-power. 

Fio.  4.  Larva  from  lot  No.  4,  after  migrating  a  vertical  distance  of  two 
inches,  high-power. 

Plate  XII. 

Fio.  5.  Larva  from  lot  No.  4,  after  migrating  a  vertical  distance  of  three 
and  one  half  inches,  low-power. 

Fio.  Q.  Larva  from  lot  No.  4,  after  migrating  a  vertical  distance  of  three 
and  one  half  inches,  high-power. 

Fio.  7.  Larva  from  lot  No.  4,  after  migrating  a  vertical  distance  of  four 
and   one  half  inches,  low-power. 

Fio.  8.  Larva  from  lot  No.  4,  after  migrating  a  vertical  distance  of  four 
and  one  half  inches,  high-power. 

Plate  XIII. 

Fio.  9.  Larva  from  lot  No.  4,  after  migrating  a  vertical  distance  of  six  and 
one  half  inches,  low-power. 

Fio.  10.  Larva  from  lot  No.  4,  after  migrating  a  vertical  distance  of  six 
and  three  quarters  inches,  low-power. 

Fig.  II.  Larva  from  lot  No.  4,  after  migrating  a  vertical  distance  of  six 
and  three  quarters  inches,  high-power. 
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VARIATION  AND  INHERITANCE  IN  SIZE  IN  TRYPANOSOMA 

LEWISP 

1.     Life-cycle  in  the  Rat  and  a  Study  op  Size  and  Variation  in 

**PuRE  Line"  Infections* 

By  W.  H.  Taliaferro 

DSPARTMBNT  OP  MBDICAL  ZOOLOGY  OP  THB  SCHOOL  OP  HyGIBNS  AND  PUBUC 

Hbalth,  Johns  Hopkins  Univbrsity 
Communicated  by  R.  Pearl,  May  2,  1921 

The  flagellate,  Trypanosoma  lewisi,  is  a  non-pathogenic  blood  parasite 
occurring  in  various  species  of  rats  all  over  the  world.  It  is  known  to  be 
transmitted  from  rat  to  rat  by  the  rat  flea.  This  trypanosome  was  se- 
lected for  the  present  work  because  it  occurs  in  the  latitude  of  Baltimore 
and  the  vertebrate  and  invertebrate  hosts  can  easily  be  reared  in  the  labor- 
atory. 

.  The  general  plan  of  the  present  work  on  size  in  T.  lewisi  is  to  make  a 
careful  study  of  size  and  variability  in  a  pure  hne  and  then  with  this  back- 
ground to  attempt  to  explain  the  facts  observed  in  infections  occurring 
in  nature.  After  a  pure  line  infection  was  obtained  the  following  ques- 
tions were  attacked:  (1)  What  are  the  mean  and  the  coeflScient  of  vari- 
ation? (2)  Does  growing  the  same  **pure  line*'  in  different  vertebrate 
hosts  cause  significant  differences  in  the  mean  size  or  in  the  coefficient 
of  variation?  (3)  Does  passage  of  the  "pure  line"  through  the  inverte- 
brate host  cause  significant  differences  in  the  mean  or  coefficient  of  vari- 
ation? This  question  gives  us  a  chance  to  test  the  possibility  that  passage 
of  the  "pure  line"  through  the  invertebrate  host  may  cause  a  splitting 
up  of  the  "pure  line"  into  heritably  diverse  lines.  After  a  study  is  made 
of  these  questions  we  can  attack  the  final  one:  (4)  Does  an  infection 
occurring  in  nature  consist  of  a  large  number  of  "pure  lines"  such  as  has 
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been  described  by  Jennings'  and  others  in  free-living  protozoa  whidi 
dififer  among  themselves  but  are  per  se  constant  in  size?  As  will  be  seen 
later,  these  questions  cannot  be  approached  with  any  degree  of  exactness 
until  a  thorough  study  is  made  of  the  changes  in  mean  size  and  varia- 
bility throughout  the  course  of  an  infection.  The  present  paper  deals 
with  these  changes  in  size  and  variability  and  with  the  first  of  the  ques- 
tions enumerated  above.  The  other  three  questions  are  to  be  taken  up 
in  a  later  report. 

A  study  of  inheritance  in  a  parasitic  protozoon  such  as  T.  lewisi  is  of 
interest  from  several  points  of  view.  In  the  first  place  the  results  are 
of  interest  from  a  comparative  standpoint  when  considered  in  the  light 
of  recent  advances  in  our  knowledge  of  the  genetics  of  free-living  spedes. 
In  the  second  place,  the  results  may  be  of  value  in  the  interpretation  of 
the  results  of  the  many  studies  on  the  production  of  strains  of  parasitic 
organisms  which  exhibit  new  characteristics.  Finally  the  work  is  the 
first  of  a  program  of  investigations,  the  ultimate  object  of  which  is  a  study 
of  the  mechanism  of  the  formation  of  new  lines  exhibiting  such  characters 
as  arsenic-fastness  and  the  inheritance  of  these  characters  after  passage 
through  both  the  vertebrate   and  the  invertebrate  hosts. 

While  lack  of  space  prevents  a  discussion  of  technique  in  detail,  it 
may  be  noted  that  every  precaution  was  taken  to  use  microscopical  tech- 
nique such  that  the  trypanosomes  would  be  free  from  shrinkage  and  dis- 
tortion. All  measurements  were  made  from  camera  ludda  outlines 
drawn  at  a  magnification  of  X3000.  The  unit  used  in  measuring  the 
drawings  was  3  mm. ;  consequently  all  of  the  determinations  given  in 
this  paper  are  in  actual  microns.  In  making  the  determinations  100 
specimens,  taken  at  random  without  selection,  were  drawn  in  each  case. 
In  isolating  single  organisms  with  which  to  start  "pure  line*'  infections, 
a  sensitive  mercury  pipette  was  used  in  conjimction  with  a  Barber  pipette 
holder.  Figure  1  is  a  diagram  of  a  trypanosome  indicating  the  various 
parts  of  the  organism  and  the  distances  measured  in  this  work.  The 
names  of  the  parts  of  the  trypanosome  run  vertically  and  the  abbrevi- 
ations  of  the  six  distances  run  horizontally. 

Size  and  Variation  throughout  a  **pure  line*'  Infection. — ^The  infection 
in  the  rat  can  be  divided  into  three  periods:  (1)  the  incubation  period 
lasts  from  1-7  days  and  is  the  time  which  elapses  between  inoculation 
and  the  first  appearance  of  the  trypanosomes  in  the  blood.  (2)  The 
multiplication  period  starts  with  the  first  appearance  of  the  trypanosomes 
in  the  blood  and  lasts  for  10-25  days.  This  period  is  characterized  by 
the  great  variations  in  size  due  to  the  growth  and  the  mtdtiplication  of  the 
trypanosomes.  (3)  The  period  of  "adult"  infection  follows  the  second 
period  and  is  characterized  by  the  absence  of  all  growth  and  multi- 
plication. This  period  lasts  from  one  to  many  weeks  at  the  end  of 
which  time  the  trypanosomes  disappear  from  the  blood  and  the  rat  is 
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immune  to  another  infection  with  T.  lewisi.    It  is  apparent  that  in  an 
<}rgamsm  which  shows  a  cycle  of  growth  and  division  such  as  character- 
izes T.  lewisi,  we  must  make  all  comparisons  of  size  and  variability  at 
'the  same  stage  in  the  cycle,  and  that  if  there  is  a  period  in  which  there 
^  no  growth  and  division  comparisons  should  be  made  during  this  period. 
A  study  of  the  changes  in  the  means  and  in  the  coefficients  of  variation 
^)f  the  diflferent  parts  of  the  trypanosome  throughout  the  course  of  a 
*'pure  line"  infection  demonstrates  very  clearly  that  there  are  different 
f>^ods  of  the  infection  and  indicates  the  stage  at  which  to  make  com- 
;parisons  of  size  and  variability  between  different  infections.    Let  us 
"^ake,  for  example,  the  coefficients  of  variation  and  the  means  for  total 
Length  in  rats  116  and  105  which  are  shown  in  figure  2.    The  infection 
rat  116  was  started  from  a  single  trypanosome  and  rat  105  was  inocu- 
from  rat  116.     In  other  words,  although  the  infection  in  the  first 
•at  started  from  a  single  specimen  and  in  the  second  rat  from  many  sped- 
lens,  all  of  the  trypanosomes  in  both  rats  are  descendants  of  the  single 
-ganism  injected  into  rat  116.    We  can  make  no  determinations  during 
incubation  period  since  no  one  knows  where  the  organisms  are  at 
time.    Let  us  consider  first  the  constants  for  rat  105.    On  the  first 
of  the  blood  infection  the  mean  length  was  24.785=*=  .423.    This 
rapidly  until  the  5th  day  when  it  reached  30. 108=*=  .280.    This  rise 
c:^ontinued  gradually  until  it  reached  31.412=*=  .065  by  the  19th  day.    From 
19th  until  the  32nd  day,  at  which  time  the  infection  disappeared  from 
blood,  there  was  no  significant  change  in  the  mean.     The  coefficient 
of  variation  behaved  in  much  the  same  manner  as  the  mean.     On  the 
first  day  of  the  infection  it  was  26.52=*=  1.35%.     It  dropped  very  rapidly 
for  the  first  seven  days  and  then  much  slower  for  the  next  twelve  days. 
By  the  19th  day  it  reached  the  low  value  of  3.11  =*=.14%  and  it  showed  no 
significant  change  from  this  value  throughout  the  remainder  of  the  in- 
fection. 

It  is  well  to  compare  the  conditions  found  in  rat  116  with  those  in  rat 
105.     Rat  116  is  given  here  because  a  longer  time  elapsed  before  the  in- 
fection reached  the  adult  stage  than  was  the  case  in  any  of  the  other  in- 
fections studied.    This  is  due  probably  to  the  fact  stated  above,  viz.,  that 
the  infection  in  rat  116  started  from  a  single  trypanosome  while  the  others 
although  they  were  *'pure  lines"  were  sub-inoculated  from  116,  and  in 
consequence  were  started  with  a  large  number  of  specimens.    As  these 
curves  are  probably  expressions  of  the  resistance  of  the  host  to  the  para- 
ate,  we  would  expect  that  this  resistance  would  increase  more  rapidly 
when  the  infection  is  started  with  a  large  number  of  trypanosomes  than 
when  it  is  started  with  only  one.    We  cannot  compare  the  shape  of  the 
curves  in  the  two  rats  very  well  because  there  are  not  enough  points  in 
the  curve  for  rat  116.    One  thing  is  probably  true,  however,  and  that  is 
that  both  the  mean  and  the  coefficient  of  variation  reach   a  constant 
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value  by  the  25th  day.    At  first  it  looks  as  if  the  mean  tends  to  rise  e^ 
until  the  32nd  day.    That  this  is  not  the  case,  however,  is  shown  by 
fact  that  the  value  on  the  25th  day  does  not  vary  appreciably  from 
of  the  72nd  day. 

The  same  type  of  result  was  obtained  for  all  of  the  six  distances  she 
in  figure  1,  namely,  for  the  distances  posterior  end  to  parabasal  bocz^Ddy, 
parabasal  body  to  nucleus,  nucleus  to  anterior  end,  anterior  end  to  enc=^l  of 
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FIG.  1 


Diagram  of  T.  lewisi  showing  the  parts  of  the  organism  and  the  distances  meas^^  -^ 

in  this  work.     The  parts  of  the  organism  are  placed  vertically  while  the  dis^ 

tances  are  placed  horizontally.     The  latter  consist  of  the  distance  from 

(1)  posterior  end  to  parabasal  body,  (2)  parabasal  body  to  nucleus, 

(3)  nucleus  to  anterior  end,  (4)  anterior  end  to  end  of 

flagellum,  (5)  total  length,  and  (6)  width. 

flagellum,  and  width,  although  most  of  the  constants  do  not  reach  as  1^^ 
a  level  as  is  the  case  with  those  for  total  length  (see  table  1).  Curvet  ^ 
this  nature  were  obtained  in  four  rats.  These  results  prove,  what  we  Jc^^^ 
been  led  to  believe  from  cytological  evidence,  viz.,  that  there  is  pra^^* 
cally  no  division  or  growth  in  T.  lewisi  after  the  25th  day  of  the  bl^:^^^ 
infection. 

After  it  was  determined  that  there  was  no  significant  change  in 
mean  or  coefficient  of  variation  after  the  25th  day  we  decided  to  m^^ . 
all  measurements  after  this  day.     Most  of  the  measurements  which  ^^^^ 
be  given  in  a  later  report  were  made  on  the  30th  day  of  the  blood  infecti-^^^' 
The  fact  that  the  trypanosomes  in  the  blood  of  the  rat  reach  what   '^^ 
can  consider  an  adult  stage  makes  size  a  very  favorable  character  wi^ 


ed 
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vhich  to  work.     It  affectively  eliminates  growth  factors  from  our  compu- 


The  most  interesting  feature  in  the  study  of  the  variability  exhibited 
by  the  "pure  line"  is  that  once  the  organism  has  reached  the  adult  stage 
rf  infection  the  coefficients  of  variation  are  extremely  low.  Table  1 
ihow3  the  constants  for  rat  105.  The  coefficients  of  variation  for  total 
et^th  and  parabasal-nudeus  are  2.80%  and  2.21%.  respectively.  It 
is  to  be  noted  also  that  these  two  characters  show  a  lower  coefficient  of 
iraiiation  than  any  of  the  others.  .After  considering  this  subject  in  great 
letail  we  have  come  to  the  conclusion  that  these  two  characters  give  the 
Tuest  index  of  the  variability  in  the  "pure  line."    While  there  is  not 


FIG.  2 

r^ph  showing  the  changes  in  the  mean  and  coeSdent  of  variation  for  total  length 

in  rats  110  and  105.    The  infection  in  116  was  started  from  a  single  organism 

and  105  was  inoculated  from  116.    The  trypanosomes  disappeared  from 

the  blood  of  rat  105  on  the  32nd  day  and  from  116  on  the  72nd  day. 

Lz<:h  doubt  that  posterior-parabasal  is  more  variable  than  either  of 
cse  two,  we  feel  that  much  of  its  variability  as  well  as  that  of  the  other 
s'tances  with  high  coefficients  is  due  to  the  difficulty  of  making  the 
^^Lsurements. 

CT'oMc/wwan. — We  can  draw  the  following  conclusions  from  this  part 
Hie  work:  Trypanosoma  lewisi  reaches  an  "adult"  stage  in  its  develop- 
^*it  in  the  rat  in  about  25  days  after  it  appears  in  the  blood.  Once  this 
*Ke  is  reached  there  is  practically  no  division  or  growth.  Due  to  the 
**«iination  of  growth  factors,  the  organisms  show  a  very  low  coefBdent 
'  'Variation  in  "piue  line"  infections,  provided  they  are  measured  after 
"*  "adult"  st£^  is  reached.  These  facts  make  T.  lewisi  a  very  favorable 
1  in  which  to  study  size  and  variation. 
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TABLE  1 

Constants  por  the  Six  Distances  Given  in  Figure  I  por  the  "Pure  Line"  in  Rat 
105  ON  THE  25th  Day  op  Blood  Inpection.    The  Means  and  Standard  Devutions 

Are  in  Microns 


MBAN 

STANDARD 
DBVXATION 

coBFnasifT  or 

VAKXATIOM 

Post-Para 

4.268  ±  .036 

.544  1  .025 

12.74+  .61 

Para-Nuc 

10.854  J:  .016 

.240±    Oil 

2.21  +  .10 

Nuc-Ant 

9.511  t  .047 

.704  t  .033 

7.41  +  .35 

Ant-End 

6.619  ±  .068 

1.010  ±  .048 

15.27  +  .74 

T.  Length 

31.251  J:  .059 

.875±  .041 

2.80+  .13 

Width 

1.590  1  .015 

.230  J:  .010 

14.47+  .70 

*  This  and  a  later  report  form  a  preliminary  account  of  a  series  of  investigations 
which  are  being  carried  out  in  this  laboratory  on  variation  and  inheritance  in  T.  lewisi. 

*  Throughout  this  work  the  term  "pure  line*'  infection  has  been  used  to  designate  ao 
infection,  the  trypanosomes  of  which  have  all  arisen  from  a  single  organism.  A  given 
"pure  Une"  may  either  have  been  started  from  a  single  specimen  or  it  may  have  been  sub- 
inoculated  from  such  an  infection. 

»  See  especially  Jennings,  H.  S..  Proc,  American  Phil.  Soc,  47, 1908  (393-546).  Amer- 
ican Nat.,  43,  1909  (321-337).    Ibid,,  45,  1911  (79-89). 
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Communicated  by  R.  Pearl,  May  2,  1921 

Ixa  our  first  report*  we  demonstrated  that  Trypanosoma  lewisi  reaches^ 
dult  stage  in  the  course  of  the  infection  in  the  rat  in  about  25  days, 
once  this  stage  is  reached  there  is  practically  no  division  or  growth. 
I*^     cionsequence  of  the  elimination  of  growth  factors  from  the  compu- 
ns  it  was  found  that  the  coefficient  of  variation  in  the  "pure  line" 
^ery  low  if  it  was  computed  during  this  adult  period.    The  questions 
'^hiol  now  arise  are:   (1)  Does  growing  the  same  **pure  line"  in  difiFerent 
"^^t-tebrate  hosts  cause  significant  diflferences  in  the  mean  or  the  co- 
^ffi^oient  of  variation?    (2)  Does  passage  of  the  "pure  line"  through  the 
^"^^rtebrate  host  cause  any  significant  differences  in  these  constants? 
^^^^x^  attention  will  be  directed  especially  toward  the  coefficient  of  vari- 
ation as  this  will  give  us  an  opportunity  to  ascertain  whether  or  not  there  ^ 
^  3.  splitting  up  of  the  "pure  line"  into  heritably  diverse  lines  following 
^'^^  passage  through  the  invertebrate  host.     With  this  background  oui^ 
^^^  question  is:    (3)  Does  an  infection  occurring  in  nature  consist  of  a 
^^ge  number  of  "pure  lines"  such  as  have  been  described  in  ffee-living 
P^'otozoa,  which  differ  among  themselves  but  are  per  se  constant  in  size? 
It  is  to  be  emphasized  at  this  point  that  in  all  of  the  following  work 
^^  measurements  and  computations  were  made  on  or  after  the  30th  day 
^*  the  blood  infection.     As  the  adult  stage  is  always  reached  by  the  25th 
^y  this  is  well  into  the  adult  period  and  effectually  eliminates  growth 
^^<^tors.    The  six  measurements  of  size  used  in  this  work  have  already 
^^n  given  in  our  first  report  (see  figure  1).    They  consist  of  the  following 
^^tances:    (1)  Posterior  end  to  parabasal  body,  (2)  parabasal  body  U> 
'^^deus,  (3)  nucleus  to  anterior  end,  (4)  anterior  end  to  end  of  flagellum^ 
'^J  total  length  which  includes  measiu^ements  1-4,  and  (6)  width. 

Effect  of  Growing  the  Same  ''pure  line''  in  Different  Vertebrate  Hosts, — 

^*^«  twoconstants  in  which  we  are  interested  in  this  connection  are  the  size 

^  indicated  by  the  mean  and  the  variabiUty  as  indicated  by  the  coefficient 

^  variation.    In  all  of  the  experiments  the  constants  were  worked  out 

^^  all  six  measurements  but  in  this  brief  report  we  will  only  deal  with 

^ose  for  total  length.    Let  us  first  consider  the  mean.    The  questions 

8^:  Does  growing  the  same  pure  line  in  different  individuals  of  the  same 
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species  of  rat  produce  significant  differences  in  size?  Doef  growing  the 
same  "pure  line"  in  different  species  of  rats  produce  any  greater  differences 
in  size  than  in  the  first  case  of  individuals  belonging  to  the  same  species? 
It  would  have  been  interesting  to  grow  the  "pure  line"  in  other  verte- 
brates as  well  as  in  rats  but  T.  lewisi  is  not  normally  infective  to  any  other 
vertebrate.  To  test  the  first  of  these  questions  we  used  indivkhials  of 
the  albino  rat  and  for  the  second  question  we  used  individuals  of  the 
l)lack  and  the  Norway  rat.  At  the  outset  it  may  be  definitely  said  that 
the  differences  which  were  obtained  on  growing  the  "pure  line"  in  differ- 
«ent  species  of  rats  were  in  no  way  more  significant  than  the  differences 
obtained  by  growing  the  "ptu-e  line"  in  different  individuals  of  the  same 
species.  The  greatest  difference  in  mean  size*  was  obtained  when  the 
same  "ptu-e  line"  was  grown  in  the  albino  rats  46  and  90.  In  the  former 
the  mean  length  was  32.080^^.052  and  in  the  latter  30.769^.057,  whidi 
gives  us  a  difference  of  1.311=^.077.  The  mean  lengths  obtained  in 
twelve  other  experiments  lie  between  these  limits.  WhOe  a  difference  of 
this  character,  which  is  16.8  times  its  probable  error,  is  undoubtedly 
significant  the  question  immediately  arises  as  to  whether  such  a  difference 
is  due  to  differences  in  the  blood  of  different  rats  or  to  a  personal  variation 
in  making  the  meastu-ements.  A  definite  answer  cannot  be  given  to 
this  question  at  the  present  time  although  experiments  are  being  carried 
out  to  ascertain,  if  possible,  which  is  the  determining  factor.  As,  however, 
this  is  the  greatest  difference  obtained  in  twelve  experiments,  we  may  say 
that  growing  the  same  "pure  line"  in  different  rats  probably  causes  sig- 
nificant differences  in  mean  size,  but  in  any  case  these  differences  are 
small.  Even  if  these  differences  are  significant  there  is  no  evidence,  at 
present,  that  they  are  due  to  inherited  diversities,  but  are  simply  due  to 
differences  in  environment. 

In  regard  to  variability,  the  chief  thing  of  interest  is  the  fact  that  passage 
of  the  "pure  line"  from  rat  to  rat  by  blood  inoculation  has  no  effect  on 
the  coeflScient  of  variation.  Take,  for  example,  the  following  experiment 
The  coefficient  of  variation  for  total  length  in  the  "pure  line"  as  grown  in 
rat  116  was  2.77=*=.  13%.  After  four  passages  through  white  rats  this 
line  was  grown  in  rat  204  where  the  coefficient  of  variation  was  found  to 
be  2.60=*=  .12%.  The  difference  between  these  two  coefficients  is  .17*.18% 
which  certainly  is  not  significant.  Several  other  experiments  gave  sum- 
lar  results  and  an  experiment  is  being  carried  out  now  in  which  the  "pure 
line"  is  undergoing  numerous  transfers  from  one  rat  to  another.  The 
fact  that  passage  of  the  pure  line  through  rats  has  no  effect  on  the  co- 
efficient of  variation  is  in  marked  contrast  to  conditions  found  after  p3^ 
sage  through  the  invertebrate  host. 

Effect  of  Passing  the  **pure  line**  through   the  Invertebrate  Has^— White 
T.  lewisi  can  be  experimentally  transmitted  by  several  species  of  ecto- 
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puraatfs  the  natural  insect  vectors  are  the  rat  fleas,  Xenopsylla  die<q>i8 
and  Ceratophyllus  fasdatus.  In  working  out  the  life  history  of  certain 
q)ecie8  of  trypanosomes  some  of  the  earUer  investigators  described  what 
they  considered  to  be  sexual  phases  in  the  life  history  of  the  parasite. 
Practically  all  of  these  observations  are  open  to  entirely  different  inter- 
pretations, so  that  at  the  present  time,  although  a  number  of  proto- 
io5lQgists  feel  that  there  is  a  sexual  phase  in  the  life  cycle,  no  such  phase 
has  been  demonstrated.  This  is  notably  true  in  the  classic  researches 
of  Mincfain  and  Thomson^  on  the  life  history  of  T.  lewisi  in  the  rat  flea. 
Although  they  looked  carefully  for  conjugation  they  found  no  evidence 
of  it. 

While  there  is  no  evidence  of  sexual  phenomena  in  the  trypanosomes 
during  passage  through  the  invertebrate  host,  there  is  evidence  that  such 
passage  exerts  a  profound  effect  on  such  things  as  acquired  physiological 
characteristics.  Gonder*  for  example  found  that  arsenic  fastness  was 
transmitted  from  rat  to  rat  but  was  lost  by  passage  through  the  louse. 
Miss  Robertson*  found  that  strains  of  T.  gambiense  showed  marked 
dumges  in  their  characteristics  after  passage  through  the  tsetse-fly. 
This  led  this  author  to  say,  ''It  seems  dear  that  the  cyde  in  the  fly  as  a 
whole,  whether  conjugation  occurs  or  not,  has  much  of  the  biological 
significance  of  the  process." 

As  we  have  seen  passage  of  the  same  "ptu-e  line'*  through  a  number 
of  rats  does  not  increase  the  variabiUty  of  the  ''pure  line."  Passage 
through  the  flea,  on  the  other  hand,  invariably  increases  the  variabiUty. 
These  experiments  were  carried  out  in  the  following  manner.  Fleas 
which  were  carefully  raised  in  the  laboratory  and  whidi  were  known  to  be 
free  from  infection  were  allowed  to  bite  animals  infected  with  a  given 
"pure  line."  After  about  a  week  (during  which  time  the  trypanosomes 
were  undergoing  their  devdopment  in  the  flea)  other  rats  were  infected 
either  by  teasing  up  a  single  flea  and  injecting  it  intraperitoneally  or  by 
allowing  the  rat  to  Uck  up  the  moist  feces,  which  is  the  natural  mode  of 
infection.  The  trypanosomes  in  the  rat  which  was  infected  from  the 
flea  were  measured  on  the  30th  day  of  the  blood  infection.  Six  such  ex- 
periments have  been  successfully  carried  out.  The  following  is  a  fair 
example  of  all  of  them.  The  pure  line  in  rat  105  showed  a  coeffident 
of  variation  of  2.80=^.13%  for  total  length.  After  passage  through  a 
itngle  specimen  of  X.  cheopis  it  was  measured  in  rat  163.  Here  the 
coeffident  of  variation  increased  to  5.24=*=  .25%,  a  difference  of  2.44*  .28%. 
As  we  have  seen  above,  no  such  increase  in  variability  has  been  observed 
during  passage  of  the  "pure  line"  from  rat  to  rat.  From  these  experi- 
ments we  must  condude  that  the  "pure  line"  breaks  up  during  passage 
through  the  invertebrate  host.  This  is  analogous  to  the  results  of  Jenn- 
'm^  in  Paiamectum  after  conjugation  and  in  a  recent  publication  Miss 
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Erdmaxih*  believes  that  she  has  demonstrated  the  same  type  of  phenomeiia 
in  Paramecium  after  endomizis.  While  the  increase  in  yariability  is 
probably  due  to  some  nuclear  phenomena  during  the  life  cycle  of  the  tryp- 

•anosome  in  the  flea,  we  have  no  method  of  judging,  from  the  present  data 
on  the  subject,  whether  it  is  a  sexual  or  a  reorganization  process.  Mindiin 
and  Thomson^  have  suggested  that  the  peculiar  effects  produced  tiy 
passage  through  the  invertebrate  host  are  connected  with  the  transfer- 

'  mation  of  the  trypanosome  into  a  crithidial  stage  and  the  reverse  process, 
both  of  which  always  take  place  in  the  life  cycle  in  the  invertebrate  host 

'  'It  is  conceivable  that  passage  of  a  "pure  line"  through  the  inverte- 
brate host  might  cause  significant  changes  in  the  mean  size  as  well  as 
in  the  variability.    All  of  otu*  experiments  have  shown  this  not  to  be 

'  true.    It  is  true  that  after  the  ''pure  line"  is  passed  through  a  flea  there 

'is  often  a  difference  in  the  mean  which  is  significant  from  a  statistical 
standpoint,  but  as  these  differences  are  never  greater  than  the  maximiim 
difference  given  above  for  growing  the  "pure  line"  in  different  rats,  we 

i  cannot  ascribe  the  difference  to  any  peculiar  effect  of  the  flea.  It  is 
probably  due  simply  to  the  fact  that  the  trypanosomes  are  measured  in 
different  rats. 

{  Size  and  Variability  in  ''wild'*^  Infections  Occurring  in  Nature. — ^A  num- 
ber of  naturally  infected  rats  were  collected  from  around  Baltimore  and 
Washington.  Up  to  the  present  time  measurements  have  been  made  of 
specimens  from  ten  of  these  infections.  While  these  "wild"  infections  do 
show  differences  in  their  means  and  a  higher  coejficient  of  variation  on  the 

-average  than  the  pure  lines,  one  is  struck  with  the  constancy  of  the  means 
and  the  low  variability.  The  longest  mean  length  (rat  221)  obtained  is 
32.503  =±=.060  and  the  shortest  (rat  4 11)29.093=*=  .062  with  a  difference  of 
3.410=^.087.  It  can  be  seen  that  the  difference  between  the  longest 
"wild"  infection  and  the  shortest  is  comparatively  great  and  that  the 
difference  is  much  greater  than  is  obtained  by  growing  a  "pure  line"  in 
different  rats.  The  least  variable  "wild"  infection  (rat  413)  showed  a 
coefficient  of  variation  of  only  2. 125=*=. 101.  This  is  slightly  lower  than 
any  of  the  coefficients  of  the  "pure  lines"  in  the  laboratory.  The  most 
variable  "wild"  infection  (rat  65)  showed  a  coefficient  variation  of  4.5S3 
5fc  .223  The  difference  between  the  least  and  the  most  variable  "wild"  in- 
fection is  2.45  =*=  24.  The  remainder  of  the  "wild"  infection  measure  fall 
between  the  figures  given  here,  both  as  regards  their  means  and  coefficients 
of  variation. 

From  these  results  we  must  conclude  that  while  the  "wild"  infections 
occurring  in  nature  show  comparatively  small  differences  in  size,  these 
differences  are  greater  than  can  be  explained  by  the  fact  that  the  in- 
fections are  occurring  in  different  rats.  We  must  also  conclude  that  most 
"wild"  infections  consist  either  of  very  few  "pure  lines"  or  a  larger  number 
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whidi  differ  inter  se  by  very  minute  differences.  In  some  cases,  as  in 
that  of  rat  413,  we  are  almost  forced  to  believe  that  a  given  ''wild"  in- 
fection is  actually  a  "pure  line."  A  possible  explanation  of  these  facts 
suggests  itself  when  we  consider  the  mechanism  of  infection  with  T. 
lewisi.  As  stated  above  the  rat  receives  the  infection  from  the  flea. 
As  the  infected  flea  is  feeding  it  deposits  its  feces,  which  contain  the  in- 
fective forms  of  the  trypanosomes,  on  the  ftu*  of  the  rat.  The  rat  then 
becomes  infected  by  Ucking  up  the  moist  feces  containing  the  infective 
forms.  In  nattu'e  it  is  probable  that  a  given  rat  receives  its  infection 
from  a  single  flea.  This  flea  deposits  a  number  of  infective  forms.  The 
chances  are  that  most  of  these  will  be  killed  by  drying  and  that  only  a  few 
will  actually  start  the  infection  in  the  rat.  This  being  so,  the  variability 
of  the  infections  simply  reflect  the  number  of  infective  forms  of  the  tryp- 
anosomes that  actually  start  growth  in  the  rat.  In  fact  it  is  conceivable 
that  a  number  of  the  "wild"  infections  are  actually  "piu-e  lines." 

At  the  present  time  the  author  is  of  the  opinion  that  if  we  consider 
all  the  infections  in  nature  collectively  we  can  say  that  there  are  a  large 
number  of  "ptu'e  lines"  which  differ  among  themselves  but  which  (as 
is  shown  by  work  in  the  laboratory)  are  per  se  constant  in  size.  Due 
to  the  peculiar  way  in  which  rats  receive  their  infections,  however,  we 
find  that  any  given  infection  consists  of  only  a  very  few  of  these  "pure 
lines." 

Conclusions. — At  the  present  phase  of  the  work  the  following  conclu- 
sions may  be  drawn:  While  growing  the  same  "pure  line"  in  different 
rats  may  cause  significant  differences  in  the  mean  size,  these  differences 
are  small.  The  differences  in  the  mean  are  never  greater  when  the  "pure 
line"  is  grown  in  different  species  of  rats  than  when  it  is  grown  in  different 
individuals  of  the  same  species.  Passage  of  the  "pure  line"  from  rat  to 
rat  is  not  followed  by  any  significant  changes  in  the  coefficient  of  vari- 
ation. In  marked  contrast  to  this  it  is  found  that  passage  of  the  "pure 
line"  through  the  flea  is  invariably  followed  by  a  significant  increase  in 
the  coeflfident  of  variation  which  is  interpreted  as  showing  that  the  "piu'e 
line"  breaks  up  into  heritably  diverse  lines  following  such  passage.  Al- 
though passage  through  the  flea  has  such  a  marked  effect  on  the  varia- 
bility it  has  no  significant  effect  on  the  mean  size.  "Wild"  infections 
occurring  in  nature  exhibit  differences  in  their  mean  sizes  which  are  greater 
than  can  be  explained  by  the  fact  that  they  occur  in  different  rats.  The 
coefficients  of  variation  of  "wild"  infections  are,  on  the  average,  higher 
than  for  the  "pure  line."  The  lowest  of  these  coefl&dents,  however,  is 
no  greater  than  the  coefficient  of  variation  for  the  "pure  line"  and 
even  the  highest  can  be  explained  on  the  assumption  that  the 
"wild"  infection  consists  of  only  a  very  few  "pure  lines."  It 
seems  probable  that  there  occtu-,  in  nature  as  a  whole,  a  large  number  of 
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"pure  lines"  which  differ  among  themselves  but  are  per  se  constant  in 
size,  but,  due  to  the  peculiar  way  in  which  rats  receive  their  infections,  a 
given  infection  consists  of  only  a  very  few  of  these  lines.  In  fact,  a  large 
number  of  "wild"  infections  are  probably  actual  "pure  lines/' 

^  Throughout  this  work  the  term  "pure  tine  infection"  is  used  to  designate  an 
infection*  the  trsrpanosomes  of  which  have  all  arisen  from  a  single  organism.  A  given 
"pure  line"  may  either  have  been  started  from  a  single  trirpanosome,  or  it  may  have  bees 
snbinoculated  from  such  an  infection.  The  term  "wild  infection"  designates  an  infet- 
tkn  as  found  in  nature. 
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this  description  is  that  he  described,  in  the  nucleus  of  the  cysts, 
besides  a  large  eccentric  karyosome,  a  crescent-shaped  mass  of  chro- 
matin granules.  We  will  take  up  a  discussion  of  this  description 
later. 

In  the  same  year  Kofoid,  Kornhauser  and  Swezy  (1919)  camB  to 
the  conclusion  that  Wenyon  and  O'Connor's  '*  iodine  cysts  "  include 
two   different  organisms.     They  came   to  the   conclusion   that  the 
homogeneous  bodies  seen  by  these  investigators  and  considered  by 
them  to  be  **  iodine  cysts  "  devoid  of  their  iodophilic  inclusions  are 
**  the  non-nucleated,  homogeneous  spore-like  cysts  of  some  vegetable 
organism,  possibly  the  chlamydospore  of  some  phycomycete  of  un- 
known aflSnities,''  and  that  the  large  glycogen-laden  '*  iodine  cysts*' 
are  uninucleate  cysts  of  Endolimax  nan<i.    It  is  not  necessary  to  con- 
sider these  authors'  conclusions  in  regard  to  the  homogeneous  bodies 
included  by  Wenyon  arid  O'Connor  in  the  *'  iodine  cysts,"  because 
we  feel  that  these  bodies  are  probably  not  typical  **  iodine  cysts," 
It  is  with  the  second  conclusion  that  we  are  most  interested,  namely, 
that  the  '*  iodine  cysts  "  are  the  uninucleate  cysts  of  Endolimax  nana. 
As  we  understand  it,  these  authors  base  this  conclusion  on  the  follow- 
ing points :  In  the  first  place,  it  is  known  that  the  common  intestinal 
amoebae    (E.  histolytica,  E,  coli,  and  E.  nana)    often  have  large 
glycogen  masses  during  the  early  one-  and  two-nucleate  stages  of 
their  cysts,  and  if  the  '*  iodine  cysts  "  are,  in  reality,  uninucleate 
cysts  of  E.  nana,  it  is  not  surprising  to  find  a  large  glycogen  mass  in 
them.     In  the  second  place,  they  maintain  that  the  nucleus  of  the 
* '  iodine  cysts  ' '  is  similar  to  that  of  an  uninucleate  E,  nanxi  cyst  in 
respect    to:    (a)    dimension    of    nucleus,    (ft)    position    of    nucleus 
in    cyst,    (c)    structure,   both    as    regards   nuclear    membrane,  ana 
arrangement  and  distribution  of  the  chromatin.     And  in  the  third 
place,  they  maintain  that  there  is  an  intergradation  in  size  of  the 
glycogen  mass  found  in  the  *'  iodine  cysts  "  and  in  uninucleate  cysts 
of  E.  n^ana.    Besides  the  question  of  the  structure  of  the  nucleus,  which 
will  be  discussed  in  detail  in  a  later  section,  there  are  two  difficulties 
in  the  way  of  accepting  the  conclusion  of  these  authors.    The  first  of 
these  is  that  the  ' '  iodine  cysts  ' '  are,  on  the  average,  larger  than  thost* 
of  E.  nnna;  and  the  second  is  that  these  authors  were  unable  to  find 
any  of  the  larger  cysts  with  four  nuclei  which  should  occur,  if  these 
were  cysts  of  E.  nana.    As  a  matter  of  fact,  the  great  majority  of  the 
*'  iodine  cysts  "  are  uninucleate,  and  it  is  only  rarely  that  a  specimen 
with  even  two  nuclei   is  seen.     That  these  difiiculties  were  clearly 
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fixation  and  available  stains,  to  demonstrate  in  the  nucleus  of  C. 
lafleuri,  the  eosinophilic  granules  whi(?h  Dobell  describes  for  the 
amoeba  of  the  **  iodine  cysts/*  They  even  suggest  that,  with  this 
exception,  there  is  enough  in  common  with  their  description  of  C. 
lafleuri  and  Dobell's  description  of  lodamoeba  to  make  it  desirable 
to  reinvestigate  DobeU's  lodamoeba  to  see  whether  or  not  it  should 
not  be  considered  C.  lafleuri.  It  is,  however,  a  little  diflScult  to  see 
their  grounds  for  this  suggestion,  as  the  range  of  size  of  the  two 
species  is  not  at  all  similar — CouncUmania  being  a  very  large  amoeba 
and  lodamoeba  being  a  very  small  form. 

Brug  (1921)  has  also  returned  to  the  study  of  the  amoeba  of  the 
*'  iodine  cysts.''  His  description  of  the  amoeba  and  its  cysts  is  essen- 
tially the  same  as  that  given  in  his  earlier  paper.  He  also  still  feels 
that  the  amoeba  should  be  called  Endolimax  ivilliam^  Prowazek,  191L 
In  regard  to  the  nomenclature  he  has  one  very  interesting  new  fact 
to  offer,  in  that  he  has  been  able  to  examine  Prowazek 's  original  slides 
of  **  Entamoeba  williamsi."  He  finds  that  these  slides  contam  botii 
E.  coli  and  the  amoeba  of  the  **  iodine  cysts."  He  feels,  therefore,  that 
although  E.  biitschlii  Prowazek,  1912,  is  entirely  the  amoeba  of  the 
**  iodine  cysts,'*  E,  williamsi  Prowazek,  1911,  is  in  part  the  same 
species,  and  that  the  latter  name  should  have  precedence  over  the 
former. 

Noller  (1921)  has  been  able  not  only  to  examine  Prowazek 's  orig- 
inal slides  of  E,  williamsi,  but  also  of  E.  biitschlii.  This  examination 
supports  the  contentions  of  Brug.  Noller  feels,  however,  that  since 
Prowazek \s  description  of  biitschlii  is  based  solely  on  the  amoeba  of 
the  **  iodine  cysts,"  whereas  the  description  of  wUliamsi  is  based  only 
in  part  on  tliis  amoeba,  tlie  sensible  thing  is  to  accept  the  former 
name.  He  therefore  uses  the  name,  lodamoeba  biitschlii  Prowazek. 
1912,  emend.  Dobell,  1919. 

Besides  the  work  cited  above,,  Rodenhuis  (1919)  has  proposed  the 
name  Endolimax  pileonticleatus  for  the  amoeba  in  question.  The 
author's  grounds  for  proposing  this  name  are  not  clear.  One  thing 
of  interest  in  this  paper  is  that  the  author  has  found  and  described 
what  he  believes  to  be  several  stages  in  the  division  of  the  nucleus. 
In  the  paper  in  which  Chauchemez  (1921)  describes  the  finding  of 
^^  iodine  cysts  "  in  the  faeces  of  pigs,  he  notes  that  Biiimpt  (personal 
eomnninication)  accepts  Dobell 's  genus  lodamoeba,  but  because  he 
does  not  believe  that  the  amoeba  can  be  identified  with  any  prewusly 
described  species,,  he  (Brumpt)  proposes  the  name  lodamoeba  weny am 
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other  characteristics  of  the  species  which  should  be  mentioned.    Ac- 
cording to  Dobell  (l5l9)  the  diameter  of  this  amoeba,  when  rounded, 
is  usually  from  9  to  13  fi.    He  also  observed  larger  specimens  up  to 
17-20  fi  and  smaller  ones  of  5  /m  in  diameter.    Kuenen  and  Swellen- 
grebel  (1917)  give  the  diameter  as  10-12  fi  and  Brug  (1921)  states 
that  in  his  experience  it  is  7  to  20  fi.     The  maximum  size  which 
Prowazek  (1912)  gives  for  his  Entamoeba  butschlii,  which  is  probably 
the  same  species,  is  24  fi.     As  Dobell   (1919)   points  out,  however, 
Prowazek  may  have  mistaken  a  small  specimen  of  E.  coli  for  the 
present  form.    In  our  work  we  find  that  fixed  and  stained  specimens 
of  the  motile  amoeba,  when  rounded,  vary  in  diameter  from  9  to  14  fi^ 
the  most  usual  diameter  being  11  fi.    The  largest  specimen  which  we 
have  seen  was  20  by  15  fi.    In  this  connection  it  is  interesting  to  note 
that,  in  our  experience,  the  active  amoebae  are  on  the  average  about 
2  fi  greater  in  diameter  than  the  cysts.     This  indicates   that  the 
amoeba  undergoes  a  reduction  in  size  just  before  encystment.    Such  a 
process  is  known  to  occur  in  the  other  intestinal  amoebae,  but  Dobell 
(1919)  maintains  that  it  is  not  the  case  in  the  amoeba  of  the  **  iodine 
cysts. ' ' 

When  the  motile  amoebae  are  examined  in  the  living  condition  on 
a  warm  stage,  their  movement  is  very  similar  to  that  of  a  small  E.  coli. 
The  rapidity  with  which  diflferent  specimens  move  varies  greatly,  some 
being  very  sluggish  and  others  moving  with  great  rapidity.     Text- 
figure  1  represents  a  series  of  camera  lucida  outlines  of  a  rapidly  mov- 
ing specimen  drawn  at  intervals  of  15  seconds.     In  such  specimens 
there  is  usually  no  sharp  distinction  between  ectoplasm  and  endoplasm. 
Occasionally,  however,  a  specimen   will  stop   its   progressive  move- 
ment and  send  out  a  pseiulopodiiim  which  is  sharply  marked  off  from 
the  grranular  body  of  the  animal.     These  clear  hj'aline  psendopodia 
are  formed  very  rarely,  and  we  have  never  seen  them  used  as  organs 
of  locomotion.    "We  believe  that  they  represent  an  abnormal  condition, 
and  that  the  formation  of  the  co//-type  of  pseudopodium  is  the  normal 
method  of  profrression.     In  contrast  to  such  active  specimens  as  the 
one  shown  in  Text-fijx.  1,  we  have  often  observed  specimens  for  as 
nineh  as  15  minutes  which  constantly  threw  out  psendopodia  and  yet 
scarcely  moved  from  their  original   position.     The  visibility  of  the 
nucleus  in  the  livinjr  amoebae  depends  largely  on  the  amount  of  the 
food  iiK-lusious.     Specimens  are  often  seen  which  contain  numerotis 
bacteria  and  almost  every  type  of  intestinal  debris,  as  in  the  speoim^" 
shown  in  Fiir.  1,  Plate  VIII.     Such  specimens,  when  alive,  remind 
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one  of  E.  coli,  but  the  nucleus  is  rarely  visible  in  them.  In  other 
specimens  which  contain  little  or  no  food,  the  nucleus  with  its  large 
central  karyosome  can  often  be  clearly  seen. 


TzxT-riG.  1.  Series  of  camera  lucida  outlines  of  a  very  active  specimen  of 
lodamoeha  williamsi  which  shows  the  characteristic  changes  in  shape  in  such  speci- 
mens. The  specimen  was  observed  on  a  warm  stage,  and  the  outlines  were  made 
at  15  second  intervals.  Numbers  1-15  indicate  the  shape  and  position  of  the 
amoeba  at  each  consecutive  interval. 

The  size  of  the  nucleus  varies  with  that  of  the  amoeba,  being 
roughly  about  one  quarter  the  diameter  of  the  entire  specimen.  Its 
structure  can  be  considered  under  four  heads:  (1)  the  nuclear 
membrane,  (2)  the  karyosome,  (3)  the  peripheral  layer  of  granules 
(**  peripheral  chromatin  ''),  (4)  the  linin  threads  which  extend  from 
the  karyosome  to  the  nuclear  membrane.  The  nuclear  membrane  is 
clearly  visible  in  any  of  the  stains  used  and  often  contains  granules 
or  even  small  lumps  of  deeply  staining  substance.  Whether  or  not 
these  masses  are  chromatin  cannot  be  said  at  the  present  time.  The 
large  karyosome  is,  in  our  experience,  always  located  centrally  in  the 
nuclei  of  the  motile  forms.  Its  diameter  is  roughly  about  one  half  that 
of  the  nucleus   (see  Plate  VIII,  Figs.  1-4).     When  stained  with 
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haematoxylin  stains,  it  often  is  not  homogeneous  in  structure,  but 
exhibits  a  lighter  central  area.     When  stained  with  Mann's  stain, 
there  are  often  present  one  or  several  darker  staining  granules  in 
the  center.    Figure  3,  Plate  VIII,  shows  a  specimen  which  contains 
three  of  these  structures.    The  nature  of  these  structures  is  not  dear — 
certainly  there  is  no  valid  reason  for  assuming  them  to  be  centrioles, 
as  is  done  by  Prowazek  (1912)  in  his  description  of  ** Entamoeba  biit- 
schlii, ' '  which  is  probably  the  same  form.    Immediately  surrounding 
the  karyosome,  there  is  a  layer  of  granules  which  we  have  termed  the 
peripheral  granules  and  which  is  often  termed  **  peripheral  chro- 
matin. '*    In  a  large  number  of  the  specimens  stained  with  either  iron 
haematoxylin  and  eosin,  or  with  Mann's  stain,  this  layer  of  peripheral 
granules  appears  as  a  simple  layer  divided  into  segments  by  numerous 
radiating  septa  (Plate  VIII,  Figs.  1  and  2).    In  well-stained  speci- 
mens, however,  it  can  be  seen  that  this  is  not  the  true  structure  of  this 
layer,  but  that  each  segment  is  in  reality  an  ovoid  granule  embedded 
in  a  deeper  staining  matrix.     (Plate  VIII,  Figs.  3  and  4.)     In  the 
most  favorable  specimens,  with  careful  focusing  of  the  microscope  it 
is  even  possible  to  see  that  each  of  these  granules  has  a  slightly  higher 
refractive  index  than  the  surrounding  protoplasm.     This  layer  of 
peripheral  granules  is  sharply  differentiated  from  the   karyosome, 
in  material  stained  in  Mann's  stain — ^the  layer  of  granules  staining 
blue  and  the  karyosome  red.     The  appearance  in  iron  haematoxylin 
and  eosin  depends  largely  on  the  extraction  of  the  haematoxylin.    As 
pointed  out  by  Dobell   (1919)   the  granules  take  both  nuclear  and 
plasma  stains,  but  give  up  the  former  much  more  readily  than  the 
karyosome.     Not  only  is  this  true  in  our  experience,  but  we  have 
also  found  that  the  matrix  in  which  the  granules  are  embedded  is 
intermediate   in    this   respect — decolorizing  much   sooner   than   the 
karyosome,  but  retaining  the  stain  (haematoxylin)  longer  than  the 
actual  granules    It  is,  therefore,  possible  to  stain  the  entire  granule 
layer  black  like  the  karyosome,  or  to  decolorize  the  nucleus  until  the 
actual  granules  are  colorless,  but  the  matrix  around  them  is  still  dark 
(Plate  VIII,  Fig.  3),  or  to  decolorize  the  nucleus  to  such  an  extent 
that  the  entire  granule  layer — including  both  the  actual  granules 
and  their  surrounding  matrix — appears  practically  colorless,  with  the 
karyosome  still  retaining  an  almost  black  stain.     In  the  latter  case 
the  entire  granule  layer  can  be  restained  with  eosin.    Wliile  the  above 
description  of  the  way  in  which  the  granules  behave  with  haematoxylin 
stains  is  true  in  general,  one  finds  that  each  granule  may  show  some 
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idiosyncrasiy  in'  the  way  in  which  it  retains  the  stain.  Such  a  con- 
dition of  affairs  is  shown  tn  the  nucleus  of  the  specimen  in  Text-fig. 
2.  Here  some  of  the  granules  ha\e  completely  given  up  the  stain, 
while  others  cannot  be  distinguished  from  the  matrix  in  which  they 
are  embedded  We  shall  sec  later  that  this  variability  with  which  the 
different  granules  take  or  give  up  haematoxylin  probably  explains 
some  of  the  peculiar  pictures  which  are  often  seen  in  the  nuclei  of 
cysts. 


Text  no  2  Camera  lucida  flnw  ng  of  a  motile  spewmen  of  /.  mlliafMi, 
■tained  mth  iron  haematoiyhn  Note  the  peculiar  waj  la  whicli  some  of  the  periph- 
«raj  granules  around  the  karjcwome  are  stained  while  others  are  not.  Compare 
with  Figa.  1-4,  pla.te  \  III      X  4,300 

In  the  majority  of  our  specimens  fixed  with  Schaudinn's  fluid  and 
stained  with  either  iron  haematoxylin  and  eosin  or  with  Mann's  stain, 
it  is  possible  to  distinguish  several  fine  linin  strands  running  from  the 
karyosome  to  the  nuclear  membrane.  Tliese  linin  fibers  must  not  be 
confused  with  the  appearance  of  septa  in  the  granule  layer  noted 
above.  These  linin  fibers  est«nd  through  the  granule  layer  and 
actually  touch  the  nuelejir  membrane  (Plate  VIII,  Figs.  1-4).  Do- 
bell  (1919)  does  not  mention  these  strands,  but  they  are  noted  by 
Brug  (1921).  It  is  very  difficult,  however,  to  interpret  Drug's  fig- 
ures. We  are  unable  from  a  study  of  his  figures  of  the  motile  form 
to  decide  whether  he  has  decolorized  tlie  layer  of  peripheral  granules 
to  such  an  extent  that  a  few  "septa"'  are  left,  or  whether  he  has 
overstained  them  so  that  the  layer  of  granules  is  not  differentiated 
from  the  kaiynsome,  in  which  ease  the  strands  shown  would  be  the 
linin  strands  in  question.  Judging  from  the  comparative  size  of  the 
karyosome  to  the  entire  nucleus,  we  feel  that  the  latter  is  probably 
the  true  explanation  of  his  figures. 
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differences  between  the  foregoing  account  and  the  figures  given  by 
Brug  (1921)  are  to  be  explained  by  an  overstaining  of  his  specimens 
with  haematoxylin.  In  such  overstained  specimens,  the  layer  of 
peripheral  granules  cannot  be  differentiated  from  the  karyosome,  and 
this  gives  the  nucleus  the  appearance  of  containing  a  large  central 
karyosome,  connected  to  the  nuclear  membrane  by  a  few  linin  strands. 

The  cyst. 

It  is  diflScult  to  give  a  single  measurement  of  size  for  the  cysts, 
due  to  the  fact  that  so  many  of  them  are  irregular  in  shape.  To  over- 
come this  difficulty  in  the  case  of  the  irregular  cysts,  Dobell  (1919) 
has  taken  the  average  of  the  greatest  length  and  the  greatest  width, 
as  the  **  size.*'  In  using  this  measure  of  **  size  "  whioh  we  have 
found  very  valuable,  we  have  found  that  most  cysts  lie  between  6.4  fi 
and  16.6  ft,  and  that  the  average  is  about  9.1  fi.  In  our  experience, 
the  irregularity  in  shape  of  the  cysts  varies  considerably  from  day  to 
day  in  the  same  infection.  Some  days  almost  all  of  the  cysts  are 
nearly  spherical,  and  on  other  days  many  are  very  irregular  in  shape. 
In  this  connection  mention  should  be  made  of  a  most  remarkable 
structure  which  we  found  on  one  of  our  prepared  slides,  which  is 
undoubtedly  an  **  iodine  cyst.''  A  camera  lucida  outline  of  this  cyst 
is  given  in  Text-fig.  3  B.  By  comparing  this  cyst  with  the  one 
beside  it,  which  is  of  ordinary  size,  it  can  be  seen  that  it  is  abnormally 
large  and  irrcgrular  in  outline.  This  monster  contained  four  glycogen 
vacuoles.  In  spite  of  its  abnormalities,  however,  the  structure  of  the 
nucleus  leaves  no  doubt  that  it  is  a  true  **  iodine  cyst.*'  In  our  work 
we  have  not  found  any  other  cysts  which  were  comparable  to  this  one, 
either  in  size  or  in  shape. 

It  is  not  necessary  to  describe  the  appearance  of  the  cysts,  when 
examined  in  the  living  state,  or  in  iodine  solution,  as  this  has  been 
done  by  a  number  of  investigators.    We  can,  therefore,  pass  directly 
to  a  consideration   of  the  nuclei   of  the  cysts.     The   mature  cysts 
practically  all  contain  a  single  nucleus.     Occasionally  supernucleafe 
cysts,  witli  two  nuclei,  are  found,  but  these  are  rare.     In  order  to 
ascertain  approximately  the  percentage  of  the  cysts  that  are  binn- 
cleate,  we  examined  2,000  cysts  consecutively,  as  they  appeared  on 
some  of  our  prepared  slides.     Among  those  2,000  cysts  only  four 
contained  two  nuclei — givintr  a  percentage  of  0.2.    As  far  as  we  can 
find,  no  investigator  has  described  cysts  with  more  than  two  nuclei. 

With  the  exception  of  the  presence  of  the  fine  linin  fibers  extending 
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from  the  karyoeome  though  the  layer  of  peripheral  granules  to  the 
nuclear  membrane,  the  foregoing  account  agrees,  almost  in  detail,  with 
the  description  given  by  Dobell  {1919).  We  believe  further  that  the 
The  nucleus  of  the  cyst  possesses  the  same  structures  which  were 
described  for  that  of  the  motile  form,  viz.,  (1)  a  nuclear  membrane, 
(2)  a  kaiyosome,  (3)  peripheral  granules  ("  peripheral  chromatin  "), 
and  (4)  linin  strands  running  from  the  karyosome  to  the  nuclear 
membrane.  Structures  (1)  and  (4)  are  the  same  as  in  the  motile 
amoebae,  but  the  position  and  relationship  of  (2)  and  (3)  are  greatly 


3.     A,  typical  fvst  of  J.  witliamai  with  a  single  glycogen  vacuole,  i 
B,  nnosuallj  large  and  irregular  cyst  containing  four  glycogen  vacuoles,  u. 


modified,  when  the  amoeba  encysts.  These  fhanjrcs  can  readilj'  be 
seen  by  eompariag  the  nuclei  of  the  motile  forms,  shown  in  plate  VIII 
(Figs.  1-4),  with  those  of  the  cysts,  shown  in  the  same  plate  (Figs. 
5  and  6).  The  karyosome,  instead  of  being  central,  as  it  is  in  the 
motile  amoeba,  becomes  eccentrically  placed,  and  the  layer  of  granules, 
instead  of  surrounding  the  karyosome,  becomes  massed  to  one  side  of  it. 
The  number  of  these  granules  varies  greatly.  Sometimes  they  are 
several  layers  deep  and  completely  fill  the  nnclear  cavity  on  one  side 
of  the  karyosome,  and  at  other  times,  they  are  c«raparati\'ely  few  in 
number  and  are  closely  applied  to  one  side  of  the  karyosome  (Plate 
VIII,  Figs.  5  and  6).    Of  cour.se  the  actual  appearance  of  the  nucleus 
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varies  according  to  the  pole  from  which  it  is  viewed.    If  it  is  seen 
from  the  pole  toward  which  the  granules  are  displaced,  the  contour 
of  the  karyosome  is  obscured,  giving  a  picture  like  the  one  shown  in 
Plate  VIII,  Fig.  7.    If,  on  the  other  hand,  it  is  seen  from  the  opi)Osite 
pole,  i.e.,  the  pole  toward  which  the  karyosome  is  displaced,  the  latter 
is  seen  surrounded  by  the  granules  (Plate  VIII,  Fig.  8).     In  com- 
paring these  two  figures  (Plate  VIII,  Figs.  7  and  8),  it  must  be  kept 
in  mind  that  they  differ  markedly  in  another  respect,  viz.,  the  num- 
ber of  granules  present  in  each. 

As  in  the  case  of  the  motile  amoebae,  our  description  of  the 
structure  of  the  nucleus  of  the  cysts  agrees,  almost  in  detail,  with 
that  of  Dobell  (1919).  Dobell,  however,  does  not  note  or  fi^re  the 
linin  strands,  running  from  the  karyosome  to  the  nuclear  membrane, 
which  are  shown  in  figure  6,  and,  to  a  less  extent,  in  Fig.  5,  Plate  VIII. 
Most  of  our  material,  which  was  fixed  in  Schaudinn's  fluid  and  stained 
in  either  iron  haematoxylin  and  eosin  or  in  Mann's  stain,  showed  these 
strands.  They  were,  however,  absent  in  some  of  the  cysts,  as  is  shown 
in  Text-fig.  3  A.  Incidentally  this  figure  is  very  similar  to  some  of 
those  given  by  the  above  investigator. 

While  our  results  are  in  accord  with  those  of  Dobell,  they  are 
not  in  agreement  with  those  of  Brug  (1919  and  1921),  Noller  (1921), 
or  Kofoid,  Kornhauser,  and  Swezy  (1919).    Let  us  first  consider  the 
findings  of  Brug.    In  his  earlier  paper  (1919)  he  describes  the  nucleus 
as  containing  a  large  karyosome  and  a  crescent-shaped  mass  of  chro- 
matin granules  which  is  separated  from  the  karyosome  by  a   con- 
siderable space.    This  description  is  repeated  in  his  later  paper  (1921). 
It  is  very  difficult  to  ascertain  the  exact  nature  of  this  crescent-shaped 
mass  of  chromatin  granules  from  his  description.    One  would  be  led 
to  think  that  the  author  means  that  the  crescent-shaped  mass  is  com- 
posed of  chromatin  of  the  same  nature  as  found  in  the  karyosome.    Cer- 
tainly, there  is  no  evidence  that  he  means  anything  like  the  peripheral 
granules  which  we  have  just  described,  and  which  show  an  entirely 
different  staining  reaction  from  the  karyosome  when  stained  witi 
Mann 's  stain.    This  interpretation  is  further  supported  by  the  fact  that 
the  author  places  the  amoeba  in  the  genus  Endolimax — presumably 
on  his  interpretation  of  the  structure  of  the  nucleus.    Another  thing  of 
interest  is  that  the  author  apparently  believes  that  the  crescent-shaped 
mass  of  chromatin  granules  arises  only  after  the  amoeba  encysts, 
whereas  the  peripheral  granules,  which  we  have  just  described,  were 
represented  in  both  the  free  fonns  and  in  the  cysts. 
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We  were,  at  first,  unable  to  explain  Bmg's  figures.     Later  on 
in  our  work,  however,  we  obtained  preparations  which  appear  so 
similar  to  his  that  we  feel  that  we  have  an  explanation  of  his  findings. 
In  some  of  our  material  which  was  fixed  with  Schaudinn's  fluid  and 
stained  with  iron  haematoxylin,  we  obtained  many  specimens  similar 
to  those  shown  in  Plate  IX,  Figs.  9  and  10.    These  specimens  show 
the  presence  of  a  crescent-shaped  mass  widely  separated  from  the 
karyosome,  and  are  almost  identical  with  some  of  Brug  's  figures.    One 
thing  is  at  once  apparent,  however,  viz.,  the  crescent-shaped  mass  is 
composed  of  the  same  large  granules  (**  peripheral  chromatin  '')  which 
Dobell  and  the  present  authors  have  described,  as  occurring  between 
thB  karyosome  and  the  nuclear  membrane.     The  mass  itself  often 
stains  as  black  as  the  karyosome,  due  to  the  way  in  which  the  matrix 
around  the  granules  is  stained.     Why,  then,  should  this  mass  of 
granules  be  so  widely  separated  from  the  karyosome  in  this  material, 
and  not  in  the  material  described  above?     We  first  thought  that  it 
was  because  of  shrinkage  due  to  improper  fixation.    This  is  hardly  the 
case,  however,  because  in  another  set  of  the  same  slides,  fixed  in 
the  same  manner  at  the  same  time,  but  stained  in  Mann's  stain, 
we  could  trace  the  granules  clear  up  and  in  contact  witli  the  kary- 
osome.    It  seems  more  probable,  therefore,  that  the  appearance  of 
the  crescent-shaped  mass  is  to  be  explained  on  the  assumption  that 
the  layer  of  granules  next  to  the  karyosome  often  gives  up  the 
haematoxylin  stain  more  readily  than  the  remaining  granules.    This 
assumption  is  supported  by  the  fact  that  in  haematoxylin  speci- 
mens one  can  often  see  the  granules  extending  to  the  karyosome, 
but  those  nearest  to  the  karyosome  are  much  more  lightly  stained  than 
those  further  away.     Another  fact  may  enter  into  the  explanation, 
and  that  is  the  question  of  the  matrix  in  whicli  the  granules  are 
embedded.     This  matrix  undoubtedly  takes  the  haematoxylin  more 
readily  than  the  actual  granules,  and  the  appearance  of  the  separate 
mass  may  be  due  in  some  part  to  the  presence  of  less  matrix  near  the 
karyosome  than  further  away.     At  any  rate  it  is  interesting  to  be 
able  to  duplicate  Brug's  results  and  see  that  his  crescent-shaped  mass 
is  composed  of  the  same  peripheral  crranules  wliicli  we  described  above. 
Furthermore,  we  feel  that  it  is  probable  that  in  such  specimens,  as 
are  shown  in  Plate  IX,  Figs.  9  and  10,  there  is  a  layer  of  unstained 
granules  between  the  karyosome  and  the  dark  crescent-shaped  mass. 

While  NoUer  (1921)  does  not  give  a  detailed  description  of  the 
nucleus,  it  is  clear  that  he  agrees  with  the  description  given  by  Brug. 
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He  states  in  a  footnote   (page  41)   that  the  characteristic  nuclear 
structure  can  best  be  seen  in  Delafield's  haematoxylin  or  in  haemalum 
preparations,  and  that  the  half-moon  (crescent-shaped  mass)  can  be 
seen  only  poorly  in  iron-haematoxylin  preparations.     He  also  states 
that  not  a  single  one  of  Dobell's  figures  depicts  the  true  nuclear 
structure  of  the  cysts,  due  to  the  fact  that  differentiation  has  been 
carried  too  far.     In  regard  to  Noller's  first  statement  we  can  say 
that  YTe  have  been  able  to  get  this  structure  in  iron  haematoxylin  as 
well  as  in  Delafield's  haematoxylin.    We  also  believe  that  the  second 
statement  is  based  on  a  misinterpretation  of  the  facts.     It  implies 
that  the  crescent-shaped  mass  is  something  different  from  the  granules 
described  by  Dobell.    As  we  have  shown  above,  however,  it  is  in  reality 
composed  of  the  same  granules  which  Dobell  shows  in  his  figures, 
and  which  we  have  illustrated  in  Plate  VIII,  Figs.  5  and  6.    Further- 
more, we  feel  that  the  mass  of  these  granules  extends  to  the  kary- 
osome,  and  that  there  should  be  no  space  between  them  and  the 
kai^osome. 

Besides  the  appearance  of  the  crescent-shaped  mass,  many  other 
peculiar  nuclear  pictures  are  often  seen  in  iron-haematoxylin  prep- 
arations.   Some  of  these  suggest  very  strongly  the  condition  of  affairs 
often  met  with  in  E.  nana,  and  may  offer  an  explanation  of  the 
results  obtained  by  Kofoid,  Komhauser  and  Swezy  (1919) — especially 
as  these   investigators  used  this   stain  almost  exclusively.     A  few 
of  these  nuclei  are  shown  in  Plate  IX,  Figs.  11  to  16.    In  the  ease 
of  the  nucleus  showTi  in  Fig.  11,  the  mass  of  granules  has  been  so 
poorly  stained  that  the  contour  of  none  of  them  can  be  seen.    Inci- 
dentally it  may  be  remarked  that  this  nucleus  is  viewed  obliquely  from 
the  pole  toward  which  the  karyosome  is  displaced.     In  Figs.  12  and 
14   a   few  of  the   granules  themselves  have   apparently   taken  the 
haematoxylin  stain.    In  Fig.  15  practically  all  trace  of  the  mass  of 
granules  has  been  removed  by  destaining.     The  nucleus  in  Fi^.  1^ 
is  very  similar  to  that  of  E.  nana.    Here  it  seems  probable  that  the 
larger  black  mass  is  the  karyosome  and  the  smaller  one  with  the 
strand  which  attaches  it  to  the  larger  mass  represents  the  mass  of 
granules.     TVe  do  not  know  why  some  granules  in  the  mass  shouW 
decolorize  so  readily  and  others  retain  the  stain,  but  we  do  know 
that  the  different  granules  often  show  many  idiosyncrasies,  in  th? 
way  in  which  they  behave,  in  the  iron-haematoxylin  process.    ^^ 
feel  that,  if  any  of  these  cVsts  had  been  stained  in  Mann's  stain,  we 
would  have  been  able  to  demonstrate  the  karyosome  and  the  peripheral 
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^anules,  the  former  staining  red  and  the  latter  blue,  because  some 
of  the  identical  material,  fixed  at  the  same  time,  was  stained  in  Mann's 
stain  and  did  give  these  results.  The  above  statements  must  not  be 
construed  to  mean  that  accurate  pictures  of  the  nucleus  are  n-ever 
obtained  with  iron  haematoxylin.  This  stain,  especially  if  used  with 
eosdn,  often  gives  beautiful  results,  but  it  also  often  behaves  as 
described  above. 

Our  suggestion  that  the  results  of  Kofoid,  Kornhauser  and  Swezy 
can  be  explained  in  the  above  manner  is  not  based  on  work  with  the 
**  iodine  cysts  '*  alone.  We  have  also  examined  a  large  number  of  both 
motile  and  encysted  forms  of  E,  nan<i.  This  was  done  to  see  if,  with 
our  technique,  we  could  demonstrate  the  same  type  of  nucleus  in 
E.  nana  as  we  did  in  the  **  iodine  cysts.''  In  none  of  these  specimens, 
however,  have  we  been  able  to  demonstrate  anything  comparable  to 
the  peripheral  granules  described  above.  The  karyosome  was  always 
represented  by  one  or  several  masses  which  were  generally  connected 
by  a  fine  chromatic  strand.  A  typical  cyst  of  E.  nana  is  shown  in 
Plate  IX,  Fig.  17.  All  of  our  work,  therefore,  points  to  the  conclu- 
sion that  not  only  is  the  amoeba  of  the  ** iodine  cysts"  not  identical 
with  E,  nana,  but  its  nucleus  is  so  different  from  that  of  the  latter 
species,  which  is  the  type  species  of  the  genus  Endoliniax,,  that  it  can- 
not even  be  placed  in  the  same  genus. 

Nomenclature* 

The  nomenclature  of  the  parasitic  amoebae  is  somewhat  confused 
at  the  present  time.  The  correct  parent  genus  is  undoubtedly  Enda- 
moeba  Leidy  1879,  type  by  original  designation  E.  hlattae.  Since  the 
formation  of  this  genus  the  parasitic  amoebae  have  been  divided  into  a 
number  of  genera,  the  distinguishing  characteristics  of  which  are  chiefly 
diflferences  in  nuclear  structure  (.^ee  Dobell  and  O'Connor,  1921).  If 
we  accept  this  classification  the  amoeba  of  the  **  iodine  cysts  "  cannot 
be  placed  in  the  genus  Endamoeha  Leidy  1870,  type  E.  hlatiae  {Enta- 
moeba Casagrandi  and  Barbagallo,  1895,  type  E.  coli),  or  Endolimax 
Kuenen  and  Swellengrebel  1917,  type  E.  nana.  We  believe  that 
Drug's  contention  that  the  amoeba  is  a  species  of  Endolimax  rests 
on  a  misinterpretation  of  the  nature  of  the  crescent-.shaped  mass.  If 
this   mass   were   composed   of  the  same  type   of  chromatin  as  the 

*  Wo  arrived  at  the  oonclufdons  expressed  in  this  section,  particularly  those 
in  regard  to  the  specific  name,  after  a  conference  with  Dr.  C.  W.  Stiles.  It  is  a 
^reat  pleasure  to  express  our  indebtedness  to  Dr.  Stiles  for  his  helpful  advice. 
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karyosome,  the  nucleus  would  resemble  an  Eitdolimax  nucleus.    This 
is  not  the  case,  however,  because  the  crescent-shaped  mass  is,  in  reality, 
an  aggregation  of  the  same  type  of  large  granules  which  surround 
the  karyosome  in  the  motile  stage.    While  these  granules  may  be  a  kind 
of  chromatin,  they  do  not  give  the  same  staining  reaction  as  the 
karyosome,  and  are  probably  of  an  entirely  different  nature.     The 
contention  of  Kofoid,  Kornhauser  and  Swezy  that  the  **  iodine  cysts  " 
are  the  uninucleate  cysts  of  E.  nana  has  already  been  considered. 
As  the  amoeba  cannot  be  placed  in  the  genus  Endolimax,  the  first 
available  name  is  loclamoeba  of  Dobell  (1919).    Euenen  and  Swellen- 
grebePs  (1917)  name,  **  Pseudolimax,"  was  proposed,  distinctly  as 
not  subject  to  the  rules  of  nomenclature,  and  hence  not  as  a  true 
generic  name. 

NoUer  (1921)  and  Brug  (1921)  have  both  examined  Prowazek's 
original  slides  and  agree  that  Entamoeba  ivUliamsi  Prowazek  1911  is 
a  mixture  of  E.  coli  and  the  amoeba  of  the  **  iodine  cysts.*'  Prac- 
tically all  observers  agree  that  the  species  which  Prowazek  described  the 
next  year  under  the  name  Entamoeba  biltschlii  is  entirely  the  amoeba 
of  the  *  *  iodine  cysts. ' '  The  question  arises,  then,  as  to  which  name 
should  be  used  for  the  amoeba  of  the  *'  iodine  cysts."  If  wUliamsi 
Prowazek,  1911,  is  to  be  considered  a  synonym  of  E.  coli,  biitschlii 
Prowazek,  1912,  is  the  first  available  name.  If,  however,  it  can  be 
shown  that  wUliams^i  Prowazek,  1911,  is  available  for  the  preseDt 
form,  it  must  take  precedence  over  biltschlii  Prowazek,  1912. 

Castellani  and  Chalmers,  1913,  and  Ilartmann,  1913,  were  the  first 
authors  to  consider  E.  tvilliayyisi  Prowazek.    Tire  former  investigators 
considered  it  a  probable  synonym  of  E,  coli  but  the  latter  clearlr 
indicated  that  he  considered   it  different  from  E.  coli  because  he 
designated  it  Entamoeba  coli  var.  tvilliamsi.    We  have,  therefore,  two 
revisors  of  the  same  year  for  Prowazek 's  species  and  there  is  no  way 
of  fixing  precedence  by  any  dates  given  in  the  publications.    "^« 
are,  however,  justified  in  accepting  Ilartmann 's  re\nsion  because  he 
definitehj  stated   tliat   he   considered   williamsi  different   from  coh 
whereas  Castollani  and  Chalmers  (1913,  p.  269)  gave  williami^^^ 
probable  synonym  of  coli.     Another  fact  which  necessitates  our  ac- 
ceptance of  Ilartmann 's  revision  is  that  the  first  subsequent  investi- 
<rator  to  reeojjrnize  the  nature  of  the  organism  under  question  (Brug 
1019)  and  to  dosijrnate  the  type  material  (Brug  1921)  followed  the 
spirit  of  llartniainrs  revision.     It  is  ver\'  important  to  note  that 
Ilartmann  based  his  distinction  between  coli  and  williamsi  on  the 
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motile  amoeba  and,  therefore,  if  it  can  be  shown  that  the  motile  stage 
of  wilUamsi  is  different  from  E.  coli  we  will  have  to  retain  the  name 
williamsi  for  this  new  species,  and  it  will  not  be  permissible  to  con- 
sider it  a  synonym  of  E.  colL  Not  only  have  Noller  (1921)  and  Brug 
(1921)  shown  that  Prowazek's  original  slides  contained  both  E.  coli 
and  the  amoeba  of  the  ** iodine  cysts,*'  but  an  examination  of  Prow- 
azek's  description  of  E,  wUliamsi  shows  that  the  motile  stages  of 
this  form  (Figs.  1  and  2)  are  those  of  the  '* iodine  cysts."  A  further 
fact  of  paramount  importance  is  that  Brug  (1921)  clearly  designated 
Prowazek's  original  slides  as  the  type  material  of  the  species.  The 
revision  of  Prowazek's  mlliamsi  by  Hartmann  (1913),  the  designa- 
tion of  Prowazek's  original  material  as  the  type  material  of  wUliamH 
by  Brug  (1921),  and  the  identification  of  this  material  with  the 
amoeba  of  the  ''iodine  cysts"  by  Brug  (1921)  and  NoUer  (1921), 
make  it  quite  clear  to  us  that  under  the  International  Rules  of  No- 
menclature (Articles  29,  30,  and  31)  tuUliamsi  is  the  valid  name  of 
the  species  in  question. 

To  sum  up,  then,  we  feel  that  the  name  of  the  amoeba  of  the 
**  iodine  cysts  "  should  be  lodamoeia  wUliamsi  Prowazek  1911. 

Conclusions. 

1.  In  the  nucleus  of  the  motile  amoeba  of  the  **  iodine  cysts  "  there 
is  a  well-defined  nuclear  membrane,  a  large  central  karyosome,  a  single 
layer  of  peripheral  granules  (**  peripheral  chromatin  *')  which  sur- 
rounds the  karyosome,  and  a  few  fine  linin  strands  which  run  from 
the  karyosome  through  the  layer  of  peripheral  granules  to  the  nuclear 
membrane.  The  peripheral  granules  show  a  different  staining  reaction 
from  the  karyosome. 

2.  The  nucleus  of  the  cysts  contains  the  same  sitructures  as  that  of 
the  motile  amoebae.  The  karyosome,  however,  becomes  eccentrically 
placed,  and  the  peripheral  granules,  which  vary  greatly  in  number 
among  different  nuclei,  become  localized  on  one  side  of  the  karj'osome, 
between  it  and  the  nuclear  membrane. 

3.  With  the  exception  of  the  linin  strands,  our  description  agrees 

with  that  of  Dobell.    The  crescent-shaped  mass  which  is  described  by 

Brug  and  Noller  in  the  nuclei  of  the  cysts,  is  composed  of  the  granules 

noted  above.     In  cysts  which  are  stained  with  iron  haematoxylin 

and  decolorized  to  too  great  an  extent  we  have  found  many  pictures 

which  remind  one  very  much  of  E,  nana,  and  may  explain  the  findings 

of  Kofoid,  Komhauser  and  Swezy. 
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4.  The  structure  of  the  nucleus  of  the  amoeba  of  the  "iodine 
cysts  "  makes  it  impossible  to  identify  it  with  Endolimax  nana  or  even 
to  include  it  in  the  genus  Endolimax. 

5.  The  name  of  the  amoeba  of  the  *  *  iodine  cysts  ' '  should  be 
lodamoeba  vnllianisi  Prowazek  1911. 
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to  make  a  careful  study  of  both  the  motile  and  encysted  forms,  with 
especial  reference  to  the  structure  of  the  nucleus.  With  this 
background  we  hope  to  be  able  to  correlate  better  the  findings 
of  different  investigators,  and  to  discuss  the  nomenclature  of  the 
species.  The  most  interesting  thing  in  the  present  work  is  that,  al- 
though our  findings  support  the  contentions  of  Dobell  (1919),  we  have 
been  able  to  duplicate  the  findings  of  other  investigators  by  using 
different  microscopical  methods. 

Historical,  review. 

As  stated  above,  these  cysts  were  first  observed  in  human  faeces 
by  Wenyon  (1915)  who  described  them  as  **  spherical  bodies  "  with 
an  *  *  iodophilic  ' '  inclusion.  A  year  later  the  same  author  rede- 
scribed  them  under  the  name  of  '*  iodine  cysts  ''  or  *'  I.  cysts."  In  his 
first  paper  he  suggested  that  they  were  probably  vegetable  in  nature, 
and  in  the  second  paper  he  believed  that  he  had  seen  them  germinate 
when  kept  in  faeces.  In  a  still  later  paper  Wenyon  and  O'Connor 
(1917)  state  that  besides  the  typical  **  iodine  cysts"  there  are 
sometimes  present  larger  spherical  bodies  which  appear  homogenous, 
with  a  central  vacuole,  which,  they  believed,  probably  * '  represent  large 
I-cysts  which  are  devoid  of  iodophilic  bodies  or  structures  of  an  allied 
nature. ' ' 

Kuenen  and  Swellengrebel  (1917)  found  the  *'  iodine  cysts  "  and 
an  active  amoeba,  which  very  probably  was  the  active  amoeboid  form 
of  the  cysts.  They  provisionally  named  this  active  amoeba,  ' '  Pseudo- 
limax." 

Matthews  (1918)  again  described  and  figured  **  iodine  cysts." 
This  investigator  followed  Wenyon 's  suggestion  that  they  were  prob- 
ably of  a  vegetable  nature. 

Flu  (1918),  in  the  same  year,  came  to  the  conclusion  that  these 
cysts  were,  in  reality,  degenerate  cysts  of  E.  tetragena  {Endamoeba 
histolytica) . 

After  reconsidering  the  whole  matter,  Brug  (1919)  came  to  the 
conclusion  that  the  '  *  iodine  cysts ' '  are  the  encysted  stage  of  an 
amoeba  described  by  Prowazek  (1911)  under  the  name,  Entamoeba 
wiUiamsi.  He  was  also  of  the  opinion  that  this  amoeba  should  be 
placed,  with  E.  nana,  in  the  genus  Endolimax  Kuenen  and  Swellen- 
grebel, 1917.  In  this  paper  Brug  gives  a  description  of  the  nucleus  of 
the  motile  amoeba  as  well  as  the  cysts.    The  noteworthy  feature  of 
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fixatioti  and  available  stains,  to  demonstrate  in  the  nucleus  of  C. 
lafleuri,  the  eosinophilic  granules  whi(?h  Dobell  describes  for  the 
amoeba  of  the  *  *  iodine  cysts. ' '  They  even  suggest  that,  with  this 
exception,  there  is  enough  in  common  with  their  description  of  C. 
lafleuri  and  Dobell's  description  of  lodamoeha  to  make  it  desirable 
to  reinvestigate  Dobell's  lodamoeba  to  see  whether  or  not  it  should 
not  be  considered  C,  lafleuri.  It  is,  however,  a  little  difficult  to  see 
their  grounds  for  this  suggestion,  as  the  range  of  size  of  the  two 
species  is  not  at  all  similar — C&icncUmania  being  a  very  large  amoeba 
and  lodamoeba  being  a  very  small  form. 

Brug  (1921)  has  also  returned  to  the  study  of  the  amoeba  of  the 
**  iodine  cysts."  His  description  of  the  amoeba  and  its  cysts  is  essen- 
tially the  same  as  that  given  in  his  earlier  paper.  He  also  still  feels 
that  the  amoeba  should  be  called  Endolimax  unlliam^i  Prowazek,  1911. 
In  regard  to  the  nomenclature  he  has  one  very  interesting  new  fact 
to  offer,  in  that  he  has  been  able  to  examine  Prowazek 's  original  slides 
of  *'  Entamoeba  williamsi."  He  finds  that  these  slides  contain  both 
E.  coli  and  the  amoeba  of  the  ''  iodine  cysts.''  He  feels,  therefore,  that 
although  E,  butschlii  Prowazek,  1912,  is  entirely  the  amoeba  of  the 
**  iodine  cysts,'*  E.  unlliamsi  Prowazek,  1911,  is  in  part  the  same 
species,  and  that  the  latter  name  should  have  precedence  over  the 
former. 

Noller  (1921)  has  been  able  not  only  to  examine  Prowazek's  orig- 
inal slides  of  E,  williamsi,  but  also  of  E.  biitschlii.  This  examination 
supports  the  contentions  of  Brug.  Noller  feels,  however,  that  since 
Prowazek  3  description  of  butschlii  is  based  solely  on  the  amoeba  of 
the  **  iodine  cysts/'  whereas  the  description  of  imlliamsi  is  based  only 
in  part  on  this  amoeba,  the  sensible  thing  is  to  accept  the  former 
name.  He  therefore  uses  the  name,  lodamoeba  butschlii  Prowazek, 
1912,  emend.  Dobell,  1919. 

Besides  the  work  cited  above,  Rodenhuis  (1919)  has  proposed  the 
name  Endolimax  pileonucleatus  for  the  amoeba  in  question.  The 
author's  grounds  for  proposing  this  name  are  not  clear.  One  thing 
of  interest  in  this  paper  is  that  the  author  has  found  and  described 
what  he  believes  to  be  several  stages  in  the  division  of  the  nucleus. 
In  the  paper  in  which  Chauchemez  (1921)  describes  the  finding  of 
**  iodine  cysts  "  in  the  faeces  of  pigs,  he  notes  that  Binimpt  (personal 
communication)  accepts  Dobell's  genus  lodamoeba,  but  because  he 
does  not  believe  that  the  amoeba  can  be  identified  with  any  previously 
described  species,  he  (Brumpt)  proposes  the  name  lodamoeha  wenyoni. 
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Material  and  methods. 

While  a  number  of  stools  containing  *'  iodine  cysts  "  have  come  to 
our  notice  during  the  last  two  years,  practically  all  of  the  present 
work  was  carried  out  on  specimens  obtained  from  two  individuals. 
These  individuals  were  selected  because  we  could  obtain  daily  samples 
of  faeces  from  them,  and  no  objection  was  raised  whenever  we  wished 
to  administer  a  purgative  in  order  to  obtain  the  motile  amoebae. 
They  are  sisters,  aged  three  and  five  years,  who  were  born  in  Baltimore 
and  have  not  left  the  state  of  Maryland  during  their  life  time.  We 
have  designated  them  Cases  1  and  2  respectively.  As  far  as  we  can  find 
out,  they  are  very  healthy  children  who  have  no  history  of  intestinal 
disorder.  They  show  a  rather  heavy  multiple  infection  of  intestinal 
protozoa,  having,  besides  the  amoeba  of  the  ** iodine  cysts,''  Enda- 
moeba  coli,  Trichomonas  homini^,  and  Giardia  intestinalis.  Besides 
these  entozoa  with  w^hich  both  cases  are  infected,  Case  1  is  infected 
with  Dieniamoeha  fragilis.  Neither  case  is  infected  with  Endolimax 
nana. 

In  addition  to  studying  the  organisms  in  the  living  condition,  they 

were  fixed  and  stained  in  various  solutions.     Most  of  our  material 

was  fixed  in  Schaudinn's  sublimate-alcohol  solution,  to  which  were 

added  varying  amounts  of  acetic  acid,  and  then  stained  either  with 

Heidenhain's  iron  haematoxylin,  followed  with  eosin,  or  with  Mann's 

methylblue-eosin  stain,  as  modified  by  Dobell.     A  large  amount  of 

material  was,  however,  fixed  and  stained  in  other  ways  in  order  to 

study  it  from  a  comparative  standpoint.    Among  these  latter  fixatives 

may  be  mentioned:  Carney's  acetic  acid-alcohol-chloroform  mixture, 

Fleming's   chromo-acetic-osmic   mixture    (strong   formula),   Bouin's 

:3)icro-formol  mixture,  and  chromo-aceto-formalin  mixture.    The  other 

astains  that  were  used  were  Delafield's  haematoxylin  and  Dobell 's 

-sdcoholic  iron-haematein. 

It  is  a  pleasure  to  ackowledge  our  indebtedness  to  our  laboratory 
'^assistant,  Mr.  Conrad  Bauer,  for  finding  the  cases  described  above, 
-^md  for  obtaining  faecal  specimens  from  them  daily  over  a  period  of 
^several  months.  We  are  also  indebted  to  Miss  Ethel  Norris  for  the 
'^irawings  which  appear  in  this  paper. 

The  motile  amoeba. 

In  the  present  paper  we  will  limit  ourselves  to  a  detailed  descrip- 
tion of  the  nucleus  of  the  present  form.    There  are,  however,  certain 
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The  chief  differences  between  these  four  types  of  infection  can  be 
explained  by  assuming  a  peculiar  type  of  constitution  either  in  the 
given  species  of  trypanosome  or  in  the  host.     The  peculiar  life  history 
of  jT.  cruzi  can  probably  be  best  explained  on  the  first  assumptioiL 
This  is  a  tissue — rather  than  a  blood-parasite.    In  the  other  cases, 
on  the  other  hand,  the  chief  underlying  cause*   which  determines 
whether  a  given  infection  is  of  a  continuous  or  a  relapsing  type,  seems 
to  be  best  explained  by  assuming  that  in  certain  hosts  there  is  some 
condition  (temporary  or  permanent)  which  is  adverse  to  the  trypano- 
somes,  while  in  others  there  is  little  or  no  hindrance  to  the  life  and 
reproduction  of  the  parasites.     That  this  is  the  true  explanation  of 
these  differences  is  supported  by  the  work  of  Pearce  and  Brown 
(1918),  who  have  shown  that  the  same  species  of  pathogenic  trypano- 
some exhibits  different,  but  characteristic  life  histories  in  different 
hosts.    Even  the  peculiar  type  of  infection  shown  by  T,  lewisi  in  the 
rat  is  modified  into,  what  appears  to  be,  a  continuous  type  of  lethal 
infection  when  this  organism  is  grown  in  mice  (Roudsky,  1911). 

In  the  present  work  we  shall  consider  any  of  these  conditions 
which  are  adverse  to  the  life  of  the  parasite  as  resistance.  Resistance 
in  this  sense  may  hence  include  both  a  direct  resistance,  the  result 
of  a  specific  activity  on  the  part  of  the  host,  as  well  as  an  indirect  i^ 
sistance,  resulting  from  the  exhaustion  of  some  essential  foodstuffs. 

With  the  exception  of  T.  cruzi,  with  which  we  will  not  deal  in  this 
paper,  a  consideration  of  the  facts  given  above  seems  to  indicate  that 
the  liighest  grade  of  resistance  is  encountered  in  the  case  of  a  non- 
pathogenic try])anosome,  such  as  T,  lewisi  in  the  rat.     Here  all  repro- 
duction of  the  parasites  ceases  22  to  32  days  after  the  beginning  of  the 
infection.     The  parasites  then  exist  in  the  blood  for  7  to  100  days  and 
finally  disappear  altogether.     Likewise  the  animal  is  immune  to  an- 
other infection  with  T,  lewisi.     The  next  grade  of  resistance  is  that 
which  causes  temporary  decreases  or  even  disappearances  of  the  para- 
sites from  the  periplioral  blood.     This  type  of  resistance  is  observable 
in  the  relapsing  infections,  such  as  T.  hrucei  in  the  guinea  pig.    Here 
the  resistance  is  often  very  marked,  but  it  is  rarely  ever  complete,  as 
the  host  almost  invariably  succumbs  to  the  infection.     In  the  continu- 
ous ty])os  of  infection,  such  as  T.  hrucei  in  the  rat,  there  is  very  little, 
if  au^y,  resistance  encountered  by  the  parasites.     Apparently  the  organ- 
isms, once  they  appear  in  the  blood,  continue  to  multiply  until  the 
host  succunils. 

Any  resistance  to  a  trypanosome  infection  may  do  one  or  both  Oi 
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two  things:  (1)  it  may  retard  the  rate  of  reproduction  of  the  para- 
sites, or  (2)  it  may  destroy  them  after  they  are  formed.  A  fairly 
accurate  picture  of  the  sum  total  of  the  resistance  of  the  host  may  be 
obtained  by  making:  daily  determinations  of  the  number  of  trypano- 
somes  per  cmm.  of  blood.  If,  for  example,  the  parasites  either  re- 
main constant  or  decrease  in  nimiber  for  a  certain  period,  we  know 
some  type  of  resistance  is  operative,  but  Ave  do  not  know  whether  it 
is  producing  its  effect  by  retarding  the  rate  of  reproduction  of  the 
parasites  or  destroying  them  after  they  are  formed.  That  this  is 
true  is  shown  by  a  consideration  of  the  following  equation  which 
gives  the  factors  determining  the  number  of  parasites  per  cmm.  of 
blood. 

Number  of  parasites  per  cmm.  of  blood  =  Number  produced  by  re- 
production of  parasites  —  Number  destroyed,  in  consequence  of 
the  resistance.* 
A  further  consideration  of  this  equation  shows  that  if  we  can  supple- 
ment the  enumerative  studies  with  a  measure  of  either  the  rate  of 
reproduction  of  the  parasites  or  with  a  measure  of  the  rate  of  their 
destruction,  we  can  differentiate  between  the  two  types  of  the  re- 
sistance. 

In  the  present  work  we  have  attempted  to  differentiate  between 
the  two  different  types  of  resistance  by  supplementing  the  daily 
counts  with  a  measure  of  the  rate  of  reproduction  of  the  trypanosomes. 
It  would  probably  be  impossible  to  get  an  absolute  measure  of  this 
rate  unless  we  could  preserve  all  of  the  progeny  which  are  produced, 
and  this  is  obviously  not  possible,  if  some  are  being  destroyed.  Our 
measure  of  this  rate  is,  therefore,  a  comparative  one,  and  is  based  on 
the  difference  in  the  variability  in  size  in  the  individuals  of  a  sample 
taken,  on  the  one  hand,  from  a  population  of  organisms  undergoing 
rapid  multiplication,  and,  on  the  other  hand,  from  a  population  of 
organisms  undergoing  little  or  no  multiplication.  It  is  a  matter  of 
common  observation  that  a  sample  from  a  population  of  the  first  type, 
which  necessarily  consists  of  adults  and  many  young  forms  in  different 

•The  objection  might  bo  raised  that  a  disappearaiiee  of  the  trypanosomes 
from  the  blood  does  not  necessarily  mean  that  the  orj^anisms  are  destroyed,  be- 
cause they  may  have  simply  migrated  into  tlie  ti.ssiies.  While  trypanosomes 
undoubtedly  do  occur  in  the  tissues,  there  is  no  evidence  that  they  occur  in  greater 
quantities  there,  when  they  begin  to  decrease  in  the  blood.  On  the  other  hand, 
Levaditi  and  Mcintosh  (1910)  have  fonnd  trypanolytic  antibodies,  produced  after 

the  crises  in  the  relapsing  types  of  infection,  which  indicates  strongly  that   the 

trypanosomes  are  actually  destroyed. 
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stages  of  growth,  will  ^exhibit  a  higher  variability  in  size  than  a  sample 
from  one  of  the  second  type,  which  consists  largely  of  adult  forms 
which  are  more  or  less  uniform  in  size.  Furthermore,  it  is  very  im- 
portant to  note  that  the  greater  the  rate  of  reproduction  with  its 
production  of  young  forms,  the  greater  the  variability  in  the  size  of 
individuals  from  samples  of  that  population.  In  other  words,  it  fol- 
lows from  these  rather  self-evident  facts  that  a  measure  of  the  vari- 
ability of  size  in  the  individuals  of  different  samples  will  give  us  a 
comparative  measure  of  the  rate  of  reproduction  (or  production  of 
young  forms)  in  the  different  populations  from  which  these  samples 
are  taken.  Although  such  a  method  is  an  indirect  one,  its  great  ad- 
vantage lies  in  the  fact  that  it  is  independent  of  the  number  of 
individuals  that  are  killed  off  or  removed,  as  long  as  enough  individ- 
uals are  left  to  enable  us  to  get  a  sample  of  suitable  size  for  statistical 
analysis,  and  as  long  as  the  destructive  agent  does  not  select  individ- 
uals of  a  given  age. 

There  are  two  methods  of  measuring  the  amount  of  variability 
in  size  of  tlie  individuals  in  a  given  sample.  The  first  method  is 
that  of  obtaining  the  standard  deviation,  which  is  a  measure  of  the 
amount  the  individuals  deviate  from  the  mean  or  average,  expressed 
in  concrete  units,  such  as  microns.  The  second  method  is  that  of 
obtaining  the  coefficient  of  variation,  which  measures  the  deviation  in 
percentages  of  the  mean.  The  second  constant  is  the  more  valuable 
from  our  standpoint,  because  it  is  a  relative  measure  and  allows  us  to 
compare  the  variability  of  two  samples  regardless  of  differences  in 
their  mean  size. 

The  nictliod  of  measuring  the  rate  of  reproduction  by  ascertaining 
the  coefficient  of  vai'iation  in  size  of  random  samples  is  especially 
applicable  in  the  'ease  of  the  trypanosomes.     In  our  work  we  have 
used  the  coefficient  of  variation  for  total  length.     The  parasites  re- 
produce almost  exclusively  by  binary  fission.     During  this  process 
the  ornfanisms  <rrow  somewhat  longer  in  size  and  then  divide  by  an 
oblique  longitudinal  fission,  producing  one  fairly  long  and  one  very 
short  form.    It  is  therefore  evident  that  the  higher  the  rate  of  repro- 
duction the  greater  the  number  of  short  forms  that  will  be  produced.. 
and  in  consequence  the  higher  will  be  the  coefficient  of  variation  for 
total  length. 

Just  how  great  a  dilterence  in  variability  is  found  between  a  sample 
taken  from  a  population  in  which  rapid  reproduction  is  taking  place 
and  one  in  which  there  is  little  or  no  reproduction  can  be  easily  visual- 
ized by  examining  Fig.  1.  This  figure  shows  the  lengths  of  two  sets 
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of  T.  leunst  from  rat  105,  Set  A  contains  ten  trypanosomes,  drawn 
at  random,  and  arranged  according  to  the  order  of  their  decreasing 
lengths,  from  a  slide  made  the  first  day  after  trypanosomes  appeared 


Fio.  1.  The  lengths  of  ttco  BampleB  of  trfpaaosomes  front  rat  105  plotted 
aeeording  to  scale  and  arranged  in  order  of  their  decreasing  lengths.  The  actual 
length  in  microns  is  also  shonn.  A,  ten  epeeimens  taken  at  random  from  tlie 
fourth  day  at  the  infection;  B,  ten  spccimenB  taken  at  random  from  the  twenty' 
eighth  daj.  Note  the  great  variability  in  length  of  those  specimens  (^)  known  to 
be  undergoing  rapid  reproduction,  and  the  unitormitj  in  length  of  those  (B) 
which  are  known  not  to  be  reproducing. 

in  the  blood,  at  which  time  they  are  Itnown  to  be  multiplying  actively. 
Set  B  is  a  similar  set  of  ten  trypanosomes  drawn  from  a  slide  made 
on  the  twenty-eighth  day  of  the  infection,  at  which  time  all  multi- 
plication is  known  to  have  ceased.  The  great  variability  in  size  in 
those  specimens  (set  A)  which  are  undergoing  rapid  multiplication, 
and  those  (set  B)  which  are  not,  is  evident.  While  the  coefficient 
of  variation  was  not  worked  ont  for  these  actual  samples,  it  was  com- 
piled for  larger  samples  (100  iiidivithials),  taken  at  the  same  time. 
The  coefficient  of  varifltion  for  a  sample  of  100  individuals  from  the 
same  slides  from  which  set  A  wa.i  drawn  was  25.32  per  cent,  and  that 
for  a  similar  sample  from  the  slides  from  which  set  B  was  drawn 
was  2.80  per  cent. 

The  rationale  of  the  use  of  the  enefficient  of  variation  for  total 
length  as  a  measure  of  the  rate  of  reprotluction  is,  we  believe,  evident 
from  tiiis  discussion.  Since  the  conclusions  reaehed  in  the  following 
experiments  rest  on  the  as.sumption  that  this  is  a  valid  method,  we  feel 
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that  it  is  necessary  to  completely  justify  its  use.  It  has  to  be  shown, 
for  example,  that  the  method  actually  works  for  trypanosomes,  and 
that  no  errors  are  introduced  by  the  possibility  mentioned  above, 
namely,  the  selective  killing  of  trypanosomes  of  a  given  age  and  size, 
but  so  much  of  the  proof  of  the  validity  of  the  method  rests  on  the 
data  given  in  the  following  experiments  that  we  will  present  these 
first.  We  will,  therefore,  tentatively  assume  that  the  method  is  valid, 
and  will  defer  a  more  complete  discussion  of  it  until  after  the  data 
have  been  presented. 

A,  The  problem.  A  brief  recapitulation  of  the  problems  and 
methods  of  attack  which  are  dealt  with  in  this  paper  may  be  given  as 
follows:  The  resistance  which  a  host  offere  toward  a  trj'panosome 
infection  may  either  retard  the  rate  of  reproduction  of  the  parasites 
or  may  actually  destroy  them  after  they  are  formed.  These  two  types 
of  resistance  can  be  differentiated;  (1)  by  making  daily  counts  of  the 
number  of  trj'^panosomes  per  cmm.  of  blood,  and  (2)  by  ascertaining 
the  comparative  rate  of  reproduction  of  the  trypanosomes  as  is  indi- 
cated by  their  coefficient  of  variation  for  size.  These  determinations 
make  it  possible  to  ascertain  the  relative  value  of  the  two  types  of 
resistance,  because  the  number  of  parasites  per  cmm.  of  blood  at  a 
given  time  --^-  the  number  produced  by  the  reproduction  of  the  para- 
sites—  the  number  destroyed  in  consequence  of  tlie  resistance,  and, 
if  we  can  ascertain  any  two  of  these  factors,  the  third  can  be  esti- 
mated. The  validity  of  this  method  of  attack  has  already  been  dis- 
cussed, and  will  be  taken  up  in  greater  detail  on  page  305. 

B,  Material.  The  different  strains  of  trypanosomes  used  in  tlii^ 
work  have  been  obtained  from  several  sources.  Our  strain  of  T.  leteisi 
was  obtained  from  wild  Xorwav  rats  living  on  one  of  the  Baltimore 
city  dumps.  T,  equiperdum  was  furnished  to  us  by  Dr.  John  S. 
Buckley  of  the  Bureau  of  Animal  Industry.  Our  7.  eqninum  is  from 
Dr.  F.  G.  Novy's  strain,  and  was  secured  through  the  kindness  of 

_  • 

Dr.  Paul  A.  Lewis  of  the  University  of  Pennsylvania.  Both  T,  hrucei 
and  T.  rhodeslfjise  Avere  received  from  Dr.  Wade  H.  Brown  of  the 
Rockefeller  Institute.  Dr.  Brown  informs  us  that  there  is  some  un- 
certainty as  to  whether  the  strain  which  we  have  designated  T.  rhde- 
siense  is  in  reality  this  species.  According  to  him  the  strain  came 
ori<,^iiially  from  a  patient  in  East  Africa  supposedly  infected  with  i- 
rhodcsicnsc.  After  it  was  kept  at  the  Rockefeller  Institute  for  up- 
wards of  a  year  it  sliowed  certain  morpliological  changes  which  have 
raised  some  (luestion  in  rejrard  to  its  identity.  From  the  standpoint 
of  tlie  present  work,  however,  this  is  not  of  very  great  importance.  1^ 
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is  a  pleasure  to  acknowledge  our  great  indebtedness  to  these  investiga- 
tors, without  whose  eourtesy  we  would  have  been  unable  to  carry  out 
the  present  work.  Mention  should  also  be  made  of  the  valuable  assist- 
ance received  from  our  laboratory  assistant,  Mr.  Conrad  Bauer. 

(7.  Measurements  of  size.  As  our  measure  of  the  rate  of  reproduc- 
tion of  the  trypanosomes  is  based  on  determinations  of  the  coefficient 
of  variation  in  size,  of  samples  taken  from  different  infections,  it  is 
necessary  to  select  some  distance  on  the  body  of  the  trypanosomes, 
as  a  measure  of  size,  whose  magnitude  is  different  in  young  and  adult 
forms,  and  wliose  determination  can  be  easily  and  accurately  made. 
A  consideration  of  the  structure  of  a  trypanosome  suggests  several 
such  measurements.  The  shape  of  the  body  in  T,  letvisi,  for  example, 
can  be  seen  by  an  examination  of  Fig.  2.  The  chief  organelles  are  a 
more  or  less  centrally  placed  nucleus,  a  blepharoplast  from  which  a 
flagellum  arises,  and  a  parabasal  body  which  is  generally  so  closely 
associated  with  the  blepharoplast  as  to  obscure  it.  The  proximal 
portion  of  the  flagellum  which  extends  along  the  side  of  the  body  is 
united  with  the  latter  by  the  so-called  undulating  membrane.  In  the 
pathogenic  species  these  structures  are  slightly  modified  in  that  the 
total  length  of  the  body  is  less,  the  width  is  greater,  the  distance  from 
the  posterior  end  to  the  parabasal  body  is  less,  and  the  parabasal 
body  is  smaller. 

In  our  work  on  2\  lewisi  and  T.  equiperdum,  we  calculated  the 
coefficient  of  variation  for  all  of  the  six  distances  shown  in  Fig.  2, 
viz.,  (1)  posterior  end  to  parabasal  body,  (2)  parabasal  body  to  nu- 
cleus, (3)  nucleus  to  anterior  end,  (4)  anterior  end  to  end  of  flagellum, 
(5)   total  length,  which  includes  these  four  measurements,  and   (6) 
width,  which  was  taken  midway  between  the  parabasal  body  and  the 
nucleus.    It  can  readily  be  seen  that  all  of  these  distances  are  smaller 
in  specimens  which  have  just  divided  (young  forms)  than  in  specimens 
just  before  division  (*'  adult  '*  forms).    It  was  found,  therefore,  that 
a  study  of  the  coefficient  of  variation  of  any  of  these  distances  indi- 
cated the  changes  in  the  rate  of  reproduction.     After  a  careful  con- 
sideration of  the  various  measurements,  however,  we  decided  to  use 
only  total  length.    This  distance  is  undoubtedly  the  best  single  meas- 
urement of  size  for  our  purpose  because:  (1)  it  is  the  longest  distance, 
aad  hence,  personal  errors  in  measuring  it  are  proportionately  less 
than  for  the  shorter  distances,  and  (2)  some  of  the  distances  between 
organelles  are  intrinsically  more  variable  due  to  the  shifting  back  and 
forth  of  the  organelles  (see  Taliaferro,  1922). 
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D.  Computations.  As  we  have  pointed  out  above,  we  can  measaie 
the  degree  in  variation  of  size  in  samples  ly  obtaining  either  the 
standard  deviation  or  the  coefficient  of  variation.    The  latter  constant 
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Fig.  2.  Diagram  of  Trypanosoma  lewiH,  projected  along  a  straight  linei 
showing  the  parts  of  the  organism  and  the  distances  used  in  determining  Taria- 
bility  in  size.  Total  length  was  found  to  be  the  most  suitable  of  these  distances, 
and  is  the  one  used  in  this  study.  The  designation  of  the  parts  of  the  body  run 
vertically,  while  those  of  the  distances  run  horizontally. 

is  the  more  valuable  from  our  standpoint,  because  it  expresses  the 
standard  deviation  as  a  percentage  of  the  mean,  and  is,  therefore,  avail- 
able in  comparing  the  degree  of  variation  between  samples  possessing 
different  mean  values.    It  can  be  expressed  by  the  following  formula: 

lOOcT^ 

M    ' 


C.  V. 


in  which  a  is  the  standard  deviation  and  M  the  mean.  The  mean  is 
the  average  value,  and  is  obtained  by  dividing  the  sum  of  the  various 
measurements  by  the  number  of  individuals  (l,x/n).  In  obtaining  the 
standard  deviation  we  have  used  the  following  formula: 


a  = 


\      n 


-.W 


in  wliicli  M  is  the  mean,  n  is  tlie  number  of  individuals,  and  x  denotes 
the  magnitude  of  the  measurements,  not  their  deviatimxs. 

It  is  impossible  to  form  any  idea  of  the  statistical  validity  of  t"^ 
ccnstants  obtained  from  these  formulae  unless  the  probable  error  ^ 
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known.  For  this  reason  the  probable  error  for  most  of  the  constants 
has  been  worked  out  with  the  aid  of  Pearson's  Table  for  Statisticians 
and  Biometricians.  With  the  exception  of  the  data  for  T.  leunsi,  it 
seemed  unnecessary  to  give  the  probable  errors  for  any  more  than  the 
constants  of  one  day  of  each  infection,  because  they  vary  very  little 
in  magnitude  from  day  to  day,  and  are  all  computed  from  samples  of 
the  same  number  (i.e.,  100  individuals).  In  the  case  of  T.  lewisi  the 
probable  errors  are  given  for  the  first  and  last  days  of  the  infection. 
Besides  these  probable  errors  Table  1  is  appended  which  gives  the 
probable  errors  of  the  coefficient  of  variation  for  the  integral  numbers 
2  to  19  per  cent.,  S^'here  n  equals  100.  This  table  enables  one  to 
ascertain  approximately  the  probable  error  of  all  of  the  coefficients  of 
variation  the  probable  errors  of  which  are  not  given  in  the  tables. 


TABLE 

1. 

The  probable 

errors  (P. 

E,) 

for  tJie  coefficient  of  variation  (C 

F.) 

from  i  to 

19  per  cent,  where 

n  equals  . 

100. 

C.  v. 

P.  E. 

1 

C.  V. 

P.E. 

C.  V. 

1 

P.E. 

2.00 

.09 

! 

8.00 

.38 

14.00 

.68 

3.00 

.14 

i 

9.00 

.43 

15.00 

.73 

4.00 

.19 

1 

10.00 

.48 

16.00 

.78 

5.00 

.23 

1 

11.00 

.53 

17.00 

.83 

6.00 

.28 

i 

12.00 

.58 

18.00 

.88 

7.00 

.33 

13.00 

.63 

19.00 

.93 

E.  Enumeration  of  trypanosomes.     Several  methods  have  been  de- 
vised for  counting  blood-inhabiting  protozoa,  such  as  trypanosomes. 
One  of  these  methods  is  that  of  Kolmer  (1915),  who  dilutes  the  blood 
with  a  fluid  which  hemol^'zes  the  red  cells,  and  then  counts  the  trypano- 
somes with  the  ordinary  blood  counting  methods.     Ross  and  Thomson 
(1911),  in  their  enumerative  studies  on  trypanasomes,  made  a  thick 
smear  of  a  known  quantity  of  blood,  and  then,  after  plasmolyzing  the 
reil  cells,  counted  the  trypanosomes  on  the  slide.     In  our  work  we 
made  red  blood  cell  counts  for  our  various  experimental  animals,  and 
then  made  thin,  even  blood  smears  from  them.    After  these  blood  smears 
were  stained,  the  red  blood  cells  and  trypanosomes  in  a  large  number 
of  microscopic  fields  were  counted  and  the  ratio  between  them  calcu- 
lated.   Knowing  the  number  of  red  cells  per  cmm.  and  the  ratio  of 
trypanosomes  to  the  red  cells,  it  was  an  easy  matter  to  compute  the 
number  of  trypanosomes  per  cmm.  of  blood.    In  a  number  of  cases  we 
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checked  our  method  with  that  of  Kolmer  and  the  two  gave  very  closely 
comparable  results. 

F,  Microscopical  technique.    In  staining  trypanosomes,  prepara- 
tory to  measuring  them  and  computing  their  coefficient  of  variation 
for  total  length,  it  is  necessary  to  select  a  technique  which  will  distort 
the  organisms  as  little  as  possible,  because  such  distortion  probaby 
would  affect  their  variability  in  size.     In  a  previous  paper  on  size 
and  variability  in  T,  lewisi  (Taliaferro,  1922)  we  came  to  the  conclu- 
sion, in  agreement  with  Minchin  (1909),  that  the  truest  size  relation- 
ships in  this  trypanosome  can  be  obtained  by  fixing  in  osmic  vapor, 
followed  by  one  of  the  Romanowsky  stains,  and  drying  the  slides  in 
an  early  stage  of  the  process.     These  dried  specimens  give  the  truest 
size  relationships  although  they  are  not  as  suitable  for  cytological  work 
as  the  **never-drie<:V  or  wet  preparations.     In   the  present  study, 
this  technique  was  followed  in  the  case  of  T.  lewisL     It  is  given  in 
detail  in  the  foregoing  paper  (Taliaferro,  1922).     The  technical  dif- 
ficulties of  this  process  were  so  great,  however,  that  for  the  pathogenic 
trypanosomes,  studied  in  this  paper,  we  used  the  ordinary  clinical 
technique  of  making  thin  blood  smears,  drying  them,  without  previous 
osmic  acid  vapor  fixation,  and  staining  in  Giemsa's  blood  stain.     We 
have  already  shown,  in  the  above  paper,  that  the  omission  of  the  osmic 
vapor  fixation  causes  a  slight  shrinkage  in  size,  but  it  does  not  pro- 
duce an  appreciable  effect  on  the  coeflficient  of  variation,  and  hence,  is 
perfectly  well  suited  for  our  purposes,  because  we  are  not  interested 
in  size  prr  sc,  but  in  variability  in  size. 

After  the  slides  were  stained,  they  were  examined  and  the  midline 
of  a  hundred  trypanosomes,  from  each,  drawn  at  a  magnification  of 
3,000,  with  the  aid  of  a  camera  lueida.     These  midlines  were  then 
stepped  off  with  a  pair  of  dividers,  the  points  of  which  were  placeJ 
3  mm.  apart.     Tlie  number  of  steps  obtained  for  each  line  represented 
the  leiijrth  of  the  trypanosome  in  microns.     It  is  to  be  emphasiztnl 
that  in  drawing  specimens  from  a  given  slide,  Q\ery  specimen  wa> 
drawn  just  as  it  was  encountered,  until  the  requisite  number  was  ob- 
tained.    In  other  words,  there  was  no  selection  of  the  individuals,  but 
the  TOO  trypanosomes  represented,  as  near  as  possible,  a  true  random 
sample. 

(r.  Kx^x r'nu(  nfal  procedure.  In  presenting  the  various  exp^^ri- 
mental  ti-ypanosoniiases  which  follow^  we  have  classified  them  accordiOr 
to  the  host  rather  than  the  speeiw  of  trypanosome.    This  was  thon?^^ 
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advisable  because,  with  a  few  exceptions,  the  species  of  host,  rather 
than  the  species  of  trypanosome,  seems  to-be  the  factor  which  deter- 
mines the  type  of  the  resulting  infection.  Since  our  object  in  all 
these  experiments  was  the  same,  viz.,  to  diflPerentiat^  that  type  of  re- 
sistance which  retards  the  rate  of  reproduction  of  the  trypanosomes, 
and  that  type  which  destroys  them  after  they  are  formed,  the  experi- 
mental procedure  in  all  was  the  same.  The  host  animal  was  inoculated 
intraperitoneally  and  its  blood  examined  until  trypanosomes  appeared 
in  the  peripheral  circulation.  As  soon  as  these  could  be  demonstrated, 
blood  smears  were  made  at  frequent  intervals  throughout  the  course  of 
the  infection  and  were  stained,  as  indicated  under  Microscopical  Tech- 
nique, At  the  same  time  the  slides  were  made,  the  red  blood  cells  were 
generally  counted  with  an  ordinary  hemocytometer.  The  slides  were 
first  examined  and  100  trypanosomes  drawn  and  measured.  From 
these  100  measurements  the  coefficient  of  variation  for  total  length 
for  that  day  was  calculated.  The  slides  were  then  examined  again 
and  the  ratio  between  red  cells  and  trypanosomes  ascertained,  which, 
in  conjunction  with  the  red  blood  cell  count,  enabled  us  to  estimate  the 
number  of  trypanosomes  per  cmm.  of  blood. 

The  Rat  as  a  Host  of  Trypanosome  Infections. 

A,  A  nofirpaihogenic  infection.  We  will  consider  a  non-pathogenic 
trypanosome  first,  because  the  very  fact  that  it  is  not  pathogenic  to 
its  host  indicates  that  the  host  builds  up  a  high  grade  of  resistance 
against  it.  Elsewhere  (Taliaferro,  1921a  and  1922),  we  have  de- 
scribed the  infection  with  T,  lewisl  in  the  rat  in  great  detail  and  it 
will  suffice  to  merely  jrive  a  snnniiarv  of  the  facts  here.     The  course 


r« 


.» 


.  of  the  infection  can  be  divided  as  follows: 

1.  Multiplicative  stage  (twenty-two  to  thirty-two  days). 

a.  Incubation  period  during  which  no  organisms  are  in  the 

blood  (four  to  eight  da;\'s). 
&.  Multiplicative  period  in  the  blood  (eighteen  to  twenty-four 

days) . 

2.  Stage  of  **adult"  infection  (seven  to  one  hundred  days). 

*  In  one  of  these  papers  (Taliaferro,  1921  a),  we  gave  the  different  stages 
in.  the  infection  in  temis  of  the  hJood  infection,  which  starts  only  after  the  organ- 
>»iii8  appear  in  the  blood.  Wo  now  give  these  stages  in  terms  of  the  entire  infec- 
tion which  starts  at  the  time  of  injection.  This  accounts  for  the  apparent 
♦difference  in  terminology  given  here  and  in  that  paper. 
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During  the  multiplicative  stage  the  organisms  are  undergoing  more  or 
less  rapid  reproduction,  or  at  least  growth,  whereas  during  the 
''adult"  stage  of  the  infection  they  exist  in  the  blood  without  any 
signs  of  division  or  growth.  At  the  end  of  the  "adult"  stage,  they 
disappear  from  the  blood,  and  the  rat  is  immune  to  another  infection 
with  this  form. 

T,  lewisi:  rat  105. 

Protocol  105.    Culture  rat  infected  with  T.  lewiH.    Injected  intraperitoneally 
with  1  C.C.  of  a  1-100  dilution  of  blood  from  rat  116  on  May  1,  1920/    Organ- 
isms first  demonstrated  in  the  blood  on  May  5,  1920.    Trypanoaomes  disappeared 
from  the  blood  on  June  8,  1920,  and  were  never  found  after  this  date,  although 
repeated  blood  examinations  were  made.     Trypanosomes  were  measured  and  tlie 
coefficient  of  variation  for  total  length  was  calculated  on  12  days,  as  is  shown  i^ 
Fig.  3  and  Table  2.     Estimations  of  the  number  of  organisms  per  cmm.  of  blo<^ 
were  made  on  13  days,  as  is  shown  in  the  same  tables. 

Incubation  period  was  4  days. 

Duration  of  infection  was  35  days. 


TABLE  2. 

Mean,  standard  deviation,  and  coefficient    of  variation  for  total  length  on  12  <fc^ 
and  the  number  of  trypanosomes  per  cmm.  of  blood  on  IS  days  during 
the  course  of  the  infection  with  T.  lewisi  in  rat  105. 

Each  statistical  constant  is  based  on  the  measurement  of  100  individo^ 
1200  trypanosomes  having  been  measured  during  this  infection.     See  Fig>  3 
graph  of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  cnt 
of  blood. 


Interval  after  injection. 


4  days. 


Mean  length 24.785 ±.423 

Standard  deviation 6.277  ±.299 

Coefficient  of  variation  .    25.32  ±1.28 
Numl^er  of  trypanosomes 
per  cmm.  of  blood. .  .  .        41,000 


(3  daya. 

8  daya. 

'  27.668 

30.108 

5.226 

4.159 

18.88 

13.81 

277,000 

301,000 

10  days.      12  days.  ,  14  d»>'^ 


30.519    29.90* 

1.206  ,  1-45^ 

3.95     i 


4.85 


s 
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Intor\'al  after  injection. 


18  days 


22  days  2G  days  28  days  30  days]  33  days 


35  da)"*- 


Moan  length 30.481 

Stjindard  deviation '   1.788 

Coefficient  of  variation  . !  5.86 
Number  of  trypanosomes 
per  cmm.  of  blood 167,000  69,000  62,000  57,000  56,000 


31.412  31.723  31.251  31.490  31.815  30.654±.0^^ 

.952       .884     1.036i<>^^ 
3.02 


.977 
3.11 


1.250       .875 
3.94    ,  2.80 


.884 
2.78 


52,000 


3.38±.l^ 
45,000 


All  dilutions  of  blood  were  made  with  0.9  per  cent  saline. 
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motile  amoeba  and,  therefore,  if  it  can  be  shown  that  the  motile  stage 
of  wilUamsi  is  different  from  E,  coli  we  will  have  to  retain  the  name 
wUliamsi  for  this  new  species,  and  it  will  not  be  permissible  to  con- 
sider it  a  synonym  of  E.  coli.  Not  only  have  Noller  (1921)  and  Brug 
(1921)  shown  that  Prowazek's  original  slides  contained  both  E.  coli 
and  the  amoeba  of  the  ** iodine  cysts/'  but  an  examination  of  Prow- 
azek's description  of  E,  wiUiamsi  shows  that  the  motile  stages  of 
this  form  (Pigs.  1  and  2)  are  those  of  the  ** iodine  cysts."  A  further 
fact  of  paramount  importance  is  that  Brug  (1921)  clearly  designated 
Prowazek's  original  slides  as  the  type  material  of  the  species.  The 
revision  of  Prowazek's  vnlliamsi  by  Hartmann  (1913),  the  designa- 
tion of  Prowazek's  original  material  as  the  type  material  of  wUliamsi 
by  Brug  (1921),  and  the  identification  of  this  material  with  the 
amoeba  of  the  ''iodine  cysts"  by  Brug  (1921)  and  Noller  (1921), 
make  it  quite  clear  to  us  that  under  the  International  Rules  of  No- 
menclature (Articles  29,  30,  and  31)  vnlliamsi  is  the  valid  name  of 
tbe  species  in  question. 

To  sum  up,  then,  we  feel  that  the  name  of  the  amoeba  of  the 
'  *  iodine  cysts  ' '  should  be  lodamoeba  vnlliamsi  Prowazek  1911. 

Conclusions. 

1.  In  the  nucleus  of  the  motile  amoeba  of  the  **  iodine  cysts  "  there 
is  a  well-defined  nuclear  membrane,  a  large  central  karyosome,  a  single 
layer  of  peripheral  granules  ('*  peripheral  chromatin  ")  which  sur- 
rounds the  karyosome,  and  a  few  fine  linin  strands  which  run  from 
the  karyosome  through  the  layer  of  peripheral  granules  to  the  nuclear 
membrane.  The  peripheral  granules  show  a  different  staining  reaction 
from  the  karyosome. 

2.  The  nucleus  of  the  cysts  contains  the  same  structures  as  that  of 
the  motile  amoebae.  The  karyosome,  however,  becomes  eccentrically 
placed,  and  the  peripheral  granules,  which  vary  greatly  in  number 
among  different  nuclei,  become  localized  on  one  side  of  the  karyosome, 
between  it  and  the  nuclear  membrane, 

3.  With  the  exception  of  the  linin  strands,  our  description  agrees 
with  that  of  Dobell.  The  crescent-shaped  mass  which  is  described  by 
Brug  and  Noller  in  the  nuclei  of  the  cysts,  is  composed  of  the  granules 
noted  above.  In  cysts  which  are  stained  with  iron  haematoxylin 
and  decolorized  to  too  great  an  extent  we  have  found  many  pictures 
which  remind  one  very  much  of  E,  nana,  and  may  explain  the  fiaidings 
of  Kofoid,  Komhauser  and  Swezy. 
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which  shows  graphically  the  difference  in  variability  between  the  or- 
ganisms on  the  fourth  and  twenty-eighth  days  of  this  infection.    We 
do  not  feel  that  there  is  any  doubt  that  these  changes  are  due  to  changes 
in  the  rate  of  reproduction  of  the  trypanosomes.    When  they  first 
appear  in  the  blood,  a  microscopical  examination  of  the  slides  shows 
that  they  are  undergoing  rapid  multiplication.    Actual  division  prob- 
ably ceases  by  the  tenth  day.     The  slight  decline  noticed  from  the 
tenth  to  the  twenty-eighth  day  is  ^probably  the  result  of  the  growth  of 
a  few  young  forms  still 'in  the  blood.    From  the  28th  day  to  the  end  of 
the  infection,  there  is  no  morphological  evidence  either  of  division  or 
growth. 

The  question  might  be  raised,  if  the  coefficient  of  variation  gives 
a  comparative  measure  of  the  rate  of  reproduction,  how  can  we  say 
there  is  no  reproduction  taking  place  when  the  coefficient  of  variation 
is  between  3  and  4  per  cent.  This  cannot  be  ans^vered  with  absolute 
certainty,  but  we  know  that  a  population  of  adults  undergoing  no 
reproduction  still  exhibits  a  certain  amount  of  variability  in  size,  al- 
though the  degree  in  variation  is  far  less  than  for  the  same  population 
undergoing  rapid  reproduction.  These  'conclusions  concerning  the 
reproduction  of  the  trypanosomes,  which  are  drawn  from  a  study  of 
the  changes  in  the  coefficient  of  variation  for  total  length,  are  sup- 
ported by  a  microscopical  study  of  the  slides  and  are  discussed  in 
detail  on  page  306. 

From  the  standpoint  of  the  host's  resistance  to  the  infection,  these 
results  indicate  tliat  tlie  liost  quickly  built  up  a  resistance  which  re- 
tarded the  rate  of  reproduction  more  and  more,  so  that  all  actual 
division  of  the  parasites  was  inhibited  by  the  tenth  day  of  the  infection. 
Let  us  see  how  tlicsc  facts  tally  with  the  changes  in  the  number  of 
parasites  per  cmm.  of  blood.    During  the  period  extending  from  the 
first  day  after  the  trypanosomes  appeared  in  the  blood  until  the  tenth 
day  of  the  infection  the  parasites  rapidly  increased  in  numbers,  reach- 
inp:  the  liijrh  number  of  338,000  per  cmm.  of  blood.     The  rate  of  in- 
crease durini;r  this  period,  however,  was  not  uniform,  but  was  more 
rapid  during  the  first  two  days  than  the  last  part  of  the  period.   I" 
other  words,  the  rate  of  increase  was  progressively  less  during  this 
])eri()d,  which  is  to  be  expected  since  our  study  of  the  coefficient  ot 
variation  for  total  lenprth  indicated  that  the  rate  of  reproduction  ^^s 
also  progressively  loss  during  the  same  perioil.     From  the  tenth  to 
the   fourteenth   day,   the   parasites   suddenly   decreased   in  uumhei' 
(76.000  per  cmm.  on  the  fourteenth  day).    This  sudden  decrease  ca" 
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not  be  accounted  for  on  the  basis  of  the  cessation  of  reproductive 
activity  alone,  because,  had  this  been  the  only  factor  involved,  the 
number  of  parasites  would  have  remained  stationary.  We  must, 
therefore,  conclude  that,  at  this  point,  the  host  has  built  up  a  re- 
sistance not  only  toward  a  retardation  of  the  rate  of  reproduction, 
but  also  toward  an  actual  destruction  of  the  parasites  after  they  are 
formed.  Prom  the  fourteenth  day  until  the  thirty-fifth  day,  the 
number  of  parasites  in  the  blood  remained  practically  constant  with 
the  exception  of  a  slight  decrease.  Between  the  thirty-fifth  and 
thirty-sixth  days  they  completely  disappeared  from  the  blood  and 
could  never  be  found  again  although  repeated  attempts  were  made 
to  demonstrate  their  presence. 

To  sum  up  the  results  obtained  in  this  infection  with  T,  lewisi  in 
the  rat,  we  find:  (1)  A  resistance  was  built  up  which  retarded  the 
rate  of  reproduction  of  the  parasites  more  and  more,  and  finally  in- 
hibited it  altogether  (by  the  tenth  day).  It  is  true  that  growth  of 
the  organisms  may  have  taken  place  for  some  days  more,  but  ap- 
parently all  actual  multiplication  was  stopped  by  this  time.  (2)  Be- 
tween the  tenth  and  fourteenth  days,  a  resistance  was  developed  which 
killed  oflf  a  large  number  of  the  parasites,  i.e.,  it  was  directed  toward 
their  destruction  after  they  were  formed.  Finally,  (3)  a  resistance  of 
the  second  type  was  again  developed  by  the  thirty-fifth  day  which 
caused  the  complete  destruction  of  all  the  remaining  organisms. 

In  the  present  paper  we  will  limit  our  discussion  simply  to  the 
diffefent  effects  of  the  host's  resistance  and  not  its  nature.  It  is  pos- 
sible that  these  different  effects  are  due  to  the  same  fundamental  type 
of  resistance.  This  is  notably  true  of  the  first  and  second  effects 
given  above.  We  will  call  attention  to  the  fact,  however,  that  the 
agency  which  finally  destroys  the  trypanosomes  at  the  end  of  the 
infection  and  that  which  causes  the  first  decline  in  numbers  is  prob- 
ably different.  We  feel  this  to  be  true,  because  the  time  which  elapses 
between  the  two  varies  to  such  an  extent.  In  the  present  infection  this 
interval  was  about  twenty-five  days,  but  it  may  vary  from  a  week  to 
several  months. 

Rat  116. 

"Protocol  116,  Culture  rat  infected  with  7'.  Jcwisi.  Tnjected  intrapcritoneally 
with  a  single  trypanosome,  which  was  isolated  with  a  Bar])cr  pipette,  on  April  8, 
1920.  Organisms  first  demonstrated  in  the  blood  on  April  16,  1920.  Trypano- 
somes disappeared  from  the  blood  on  June  26,  1920,  and  were  never  found  after 
this  date,  although  repeated  blood  examinations  were  made.  No  clinical  symptoms 
were  observed  during  the  course  of  the  infection.  Trypanosomes  were  measured 
and  the  coefficient  of  variation  for  total  length  calculated  on  6  days,  as  is  shown 
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in  Fig.  4  and  Table  3.    Estimations  of  the  number  of  organisms  per  emm.  of 
blood  were  made  on  5  days  as  is  shown  in  the  same  figure  and  tAble. 

Incubation  period  waa  8  days. 

Duration  of  infection  was  79  days. 

TABLE  3. 

Mean,  standard  deviation,  and  coefficient  of  variation  for  total  length,  and  the 
number  of  trypanosomes  per  cmm.  of  blood  on  6  days  during  the 

infection  with  T.  Icwisi  in  rat  116. 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals,  600 
trypanosomes  having  been  measured  during  this  infection.  See  Fig.  4  for  graph 
of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  cmm.  of  blood. 


Interval  after  injection 


Mean  length 

Standard  deviation 

Coefficient  of  vari- 
ation   

Number  of  trj'pan- 
osomes  per  cmm. 
of  })lood 


26.029  ±.470 
6.978  ±.332 

26.80  ±1.36 


1 

,  25  days. 

32  days. 

39  days. 

40  days. 

29.481 

30.551 

29.271     31.629 

2.061 

.982 

.928 

.850 

6.99 

3.21 

3.17 

2.68 

504,000 

164,000 

68,000 

43,000 

Today*. 


31.162±.O09 
1.469±.070 

4.71  ±^ 


12,000 


Fewer  determinations  were  made  during  this  infection  than  in  the 
previous  one.  An  examination  of  Fig.  4  and  Table  3  shows,  however, 
that  the  results  obtained  support  the  conclusions  reached  in  the  p^e* 
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ity  of  infections  with  pathogenic  trypanosomes  in  the  rat  are  of  the 
continuous  type.  From  the  standpoint  of  the  resistance  built  up  by 
the  host,  these  infections  present  just  the  opposite  conditions  to  those 
found  in  a  non-pathogenic  trypanosome  such  as  T.  lewisi.  In  the 
following  experiments  we  have  studied  T,  equiperdum  and  T.  rhodei- 
iense,  both  of  which  show  this  type  of  infection  in  the  rat. 

T,  equiperdum:  rat  619. 

Protocol  619,  Culture  rat  infected  with  T.  equiperdum.  Injected  intraperi- 
toneally  with  1  c.c.  of  a  1-100  dilution  of  blood  from  a  guinea  pig  which  had  a 
heavy  infection^  on  February  17,  1921,  at  10:00  A.M.  Organisms  first  demon- 
strated in  the  blood  on  February  19,  1921,  at  9:00  A.M.  Bat  died  on  February 
23,  1921,  at  8:00  A.M.,  the  last  slides  being  made  during  terminal  convulsions. 
Trypanosomes  were  measured  and  the  coefficient  of  variation  calculated  for  total 
length,  and  estimations  of  the  number  of  organisms  per  cmm.  of  blood  were 
made  at  8  periods  during  the  course  of  the  infection,  as  is  diown  in  Fig.  5  and 
Table  4. 

Incubation  period  was  1  day  23  hours. 

Duration  of  infection  was  5  days  22  hours. 

TABLE  4. 

Mean,  standard  deviationf  and  coefficient  of  variation  for  total  length,  and  the 

number  of  trypanosomes  per  cmm,  of  hlood  at  8  intervals  during 

the  course  of  the  infection  with  T,  equiperdum  in  rat  619, 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals, 
800  trypanosomes  having  been  measured  during  this  infection.  See  Fig.  5  for 
graph  of  the  coefficient  of  variation  and  the  number  of  trj-panosomes  per  cmm. 
of  blood. 


Inter\'al  aftor  injection. 


2  days  10  hrs. 


3  days. 


3  days  10  hra.  !  3  days  22  hrs. 


Mean  length 23.640±.117 


Standard  deviation 

Coefficient  of  variation 

Numljer  of  trj-panosomcs  per 
cmm.  of  blood 


1.735  ±.082 

7.34  ±.35  ! 

i 

I 
7,000 


23.812 
1.788 
7.51 

38,000 


22.448 
1.821 
8.14 

229,000 


24.552 
1.687 
6.87 

194,000 


Interval  aftor  injection. 


4  days  12  hrs.     4  days  22  hrs.     5  days  11  hra.     5  days  22  hrt. 


Mean  length 

Standard  deviation 

CoelTiciont  of  variation 

Number  of  trypanosomes  per 
cmm.  of  blood 


24.SS0 
2.280 
9.16 

1,333,000 


24.792 
2.562 
10.33 


23.976 
2.191 
9.13 


23.574 
2.579 
10.94 


1,710,000        3,692,000    !    5,102,000 
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Even  a  casual  glance  at  Fig.  5  and  Table  4,  which  give  the  results 
obtained  for  this  infection,  show  that  the  changes  both  in  the  coeflBcient 
of  variation  and  the  number  of  parasites  are  entirely  different  from 
those  of  r.  lewisi.  The  coefficient  of  variation  was  7.34  per  cent,  on 
the  first  day  after  the  trypanosomes  appeared  in  the  blood.  This  value 
is  considerably  lower  than  that  for  the  same  day  in  the  T,  lemisi  in- 
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Fig.  6.  Graph  showing  the  coefficient  of  variation  for  total  length  (compara- 
tive measure  of  the  rate  of  reproduction)  and  the  number  of  trjTpanosomes  per 
emm.  of  blood,  throughout  the  course  of  the  infection  with  T.  equiperdum  in  rat 
619. 

factions.  Instead  of  gettincr  lower,  however,  as  it  did  in  the  latter 
infections,  it  rose  until  at  the  time  the  animal  died  it  was  10.94  per 
cent.  There  is  no  doubt  that  this  increase  in  the  coefficient  of  variation 
is  significant  from  the  statistical  standpoint,  because  the  difference  be- 
tween the  constants  in  these  two  days  is  approximately  6  times  its 
probable  error.  (10.94  ±  .52)  —  (7.34  ±  .35)  =  (3.60  ±  .62).  The 
question  then  arises  is  this  great  difference  actually  due  to  an  increase 
in  the  rate  of  multiplication  of  the  parasite  or  simply  to  some  exper- 
imental error  in  technique?  This  question  can  not  be  answered  until 
data  for  more  infections  of  this  kind  are  obtained.  The  general  shape 
of  the  graph,  showing  the  changes  in  the  coefficient  of  variation,  in- 
dicates that  the  rise  is  significant.  We  are  at  least  justified  in  conclud- 
ing that  the  host  does  not  build  up  any  resistance  which  is  directed 
toward  a  retardation  of  the  reproduction  of  the  parasites,  as  was  the 
case  in  the  non-pathogenic  infection  with  T.  lewm.  There  is,  on  the 
contrary,  some  evidence  that  the  parasite  gradually  overcomes  more 
and  more  the  natural  resistance  which  the  liost  had  at  the  beginning 
of  the  infection. 
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In  an  infection  of  this  nature  in  which  there  is  very  little  change 
in  the  rate  of  reproduction  of  the  parasites  from  day  to  day,  we  would 
expect  them  to  increase  in  the  blood  according  to  a  curve  of  geometrical 
progression.    An  examination  of  Table  4  and  Fig.  5  shows  that  there 
were  7,000  trypanosomes  per  cmm.  of  blood  at  the  time  of  the  first 
determination  and  that  this  number  rapidly  increased  until  there  were 
5,102,000  at  the  time  of  death.     The  curve  of  increase  does  not  ex- 
actly follow  a  curve  of  geometrical  progression.     It  does,  however, 
strongly  jsuggest  a  curve  of  this  nature.    In  this  connection  it  may  be 
noted  that  the  truest  approximations  to  curves  of  the  geometrical 
progression  type  were  found  in  the  continuous  infections  in  the  mouse. 
In  spite  of  the  fact  that  the  trj'panosomes  did  not  increase  in  the 
blood  exactly  according  to  a  curve  of  geometrical  progression,  we  are 
justified  in  concluding  that  the  host  built  up  very  little,  if  any,  re- 
sistance directed  toward  a  destruction  of  the  parasites  after  they  are 
formed.    The  results  of  the  preceding  paragraph  also  justify  the  con- 
clusion that  there  was  no  resistance  built  up  which  retarded  their  rate 
of  reproduction.     On  the  contrary  there  is  some  evidence  that  they 
multiplied  faster  at  the  end  than  at  the  beginning  of  the  infection. 

T.  rhodesiense:  rat  703, 

Protocol  70S,  Culture  rat,  infected  with  T,  rhodesiense.  Injected  intraperi- 
toneally  with  0.5  c.c.  of  a  1-200  dilution  of  blood  from  a  very  heavily  infected 
rat,  on  May  3,  1921.  Organisms  first  demonstrated  in  the  blood  on  May  4,  1921. 
Rat  was  dead  by  May  11,  1921.  Calculations  of  the  coefficient  of  variation  for 
total  length,  base<l  on  tlie  measurement  of  100  individuals,  and  estimations  of 
tlie  number  of  organisms  per  cmm.  of  blood  were  made  4  times  during  the  course 
of  the  infection,  on  the  dates  shown  in  Fig.  6  and  Table  5. 

Incubation  period  was  1  day. 

Duration  of  the  infection  was  approximately  6Y2  days. 

Tlie  infection  in  this  animal  was  very  similar  to  the  infectiou  of 
equipcrdum  in  rat  619.  Both  infections  were  of  a  very  acute  type 
and  lasted  approximately  six  days.  While  the  coefficient  of  variation 
for  total  lenp:th  is,  on  the  averaj^e,  higher  than  in  rat  619,  the  changes 
are  of  approximately  the  same  character.  When  the  organisms  first 
appeared  in  the  blood  the  coefficient  of  variation  for  total  length  was 
9.20  per  cent.  This  value  rose  so  that  by  the  end  of  the  infection  it 
was  as  high  as  12.;^6  per  cent.  Here  again  we  have  an  increase  in  the 
coefficient  of  variation  which  is  undoubtedly  significant  from  a  sta- 
tistical   standpoint     f  (12.86  ±  .59)  —  (9.20  =b  .44)  =  (3.16  ±  .74)]. 


j 


TRYPANOSOMA  INFECTIONS  AND  RESISTANCE. 


285 


TABLE  5. 

Mean,  standard  deviation,  and  coefficient  of  variation  for  total  length,  and  the 

number  of  trypanosomes  per  cmm,  of  blood  at  4  intervals  during 

the  infection  with  T.  rhodesiense  in  rat  70S, 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals, 
400  trypanosomes  having  been  measured  during  this  infection.  See  Fig.  6  for 
graph  of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  cmm. 
of  blood. 


Interval  after  injection. 


1  day  20  hrs.     i  2  daye  20  hrs.  '  3  days  20  hrs.  i  5  days  20  hrs. 


Mean  length 1 25.733  =h.l59| 

Standard  deviation I  2.368=h.ll2 

Coefficient  of  variation i  9.20  ±.44 

Number  of  trypanosomes  per< 

cmm.  of  blood i      31,000 


26.418 
2.479 
9.38 

198,000 


27.328 

26.196 

3.284 

3.238 

12.01 

12.36 

702,000 

3,158,000 

indicating  that  the  parasites  multiplied  more  rapidly  at  the  end  of  the 
infection  than  at  the  beginning:.  We  are,  therefore,  justified  in  con- 
cluding that  not  only  does  the  host  not  build  up  any  resistance  which 
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Fig.  6.  Graph  showinfr  the  cocfiiciont  of  variation  for  total  leiipth  (com- 
parative measure  of  the  rate  of  reproduction)  anrl  the  ninn})or  of  trypanosomes 
per  cmm.  of  blood,  throughout  the  course  of  the  infection  with  T.  rhodcsieme  in 
rat  703. 
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This  is  the  second  of  a  series  of  papers  dealing  with  trypanosomes  in  which 
wo  are  trying  to  attack  some  of  the  problems  dealing  with  (1)  variation  and 
inheritance,  and  (2)  the  physiological  factors  involved  in  the  interaction  of  host 
and  parasite.  The  first  i)aper  of  the  series  deals  primarily  with  the  first  subject 
and  is  now  in  j)ress  for  the  Journal  of  Experimental  Zoology  (Taliaferro,  1922). 
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'^ever,  that  these  fluctuations,  as  great  as  they  may  at  first  seem,  are 
•ely  due  to  experimental  errors  in  technique,  and  that  the  true 
lie  of  the  coefficient  of  variation  was  approximately  10  per  cent. 
)ugfaout  the  course  of  the  infection.    This  contention  is  supported 
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**lo.  7.  Graph  showing  the  coefficient  of  variation  for  total  length  (com- 
^ive  measure  of  the  rate  of  reproduction)  and  the  number  of  trypanosomes 
^mm.  of  blood,  throughout  the  course  of  the  infection  with  T.  rhodesiense  in 
''05. 

the  fact  that  the  high  value  reached  on  the  fifth  day  (11.69  db  .56 

<ient.)  docs  not  show  a  significant  increase  from  the  statistical  stand- 

^t  over  the  preceding  (10.09  ±:  .48  per  cent.)  or  succeeding  (10.08 

*8  per  cent.)   determination.     Its  difference  from  the  preceding 

^urement  is  1.60  ±:  .74  which  is  only  two  times  its  probable  error, 

its  difference  from  the  succeeding  measurement  is  1.61  db  .74  which 

'Iso  only  two  times  its  probable  error.     In  any  case,  there  is  no 

lence  that  the  host  has  built  up  a  resistance  of  either  type  to  this 

>anosome  infection. 

Eat  709. 

Protocol  709,    Culture  rat,  infected  with  T.  rhodesiense.    Injected  intraperi- 
^Hy  with  0.5  c.c.  of  a  1-200  dilution  of  blood  from  a  very  heavily  infected 
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checked  our  method  with  that  of  Kolmer  and  the  two  gave  very  closely 
comparable  results. 

F.  Microscopical  technique.     In  staining  trypanosomes,  prepar**^— 
tory  to  measuring  them  and  computing  their  coefficient  of  variaticz:^  ^Tl 
for  total  length,  it  is  necessary  to  select  a  technique  which  will  disto»  ^xrt, 
the  organisms  as  little  as  possible,  because  such  distortion  probal 
would  affect  their  variability  in  size.     In  a  previous  paper  on  sL 
and  variability  in  T.  lewisi  (Taliaferro,  1922)  we  came  to  the  concL_ 
sion,  in  agreement  withi  Minchin  (1909),  that  the  truest  size  relatic^ 
ships  in  this  trypanosome  can  be  obtained  by  fixing  in  osmic  vap«T>x-, 
followed  by  one  of  the  Romanowsky  stains,  and  drying  the  slides       i  n 
an  early  stage  of  the  process.     These  dried  specimens  give  the  tru  ^?*ast 
size  relationships  although  they  are  not  as  suitable  for  cytological  wc->  i-k 
as  the  ** never-dried*'  or  wet  preparations.     In  the  present  stu<L^3% 
this  technique  was  followed  in  the  case  of  T.  lewisi.     It  is  given       i  n 
detail  in  the  foregoing  paper  (Taliaferro,  1922).     The  technical  c1  i  ^- 
ficulties  of  this  process  were  so  great,  however,  that  for  the  pathoge  :«:■■-  ^^ 
trypanosomes,  studied  in  this  paper,  we  used  the  ordinary  clini  <^  ^^ 
technique  of  making  thin  blood  smears,  drying  them,  without  previ<:>'*^^ 
osmic  acid  vapor  fixation,  and  staining  in  Giemsa's  blood  stain.     "^^^^^ 
have  already  shown,  in  the  above  paper,  that  the  omission  of  the  oscb-^*-  ^^ 
vapor  fixation  causes  a  slight  shrinkage  in  size,  but  it  does  not  p  "*""  ^" 
duce  an  appreciable  effect  on  the  coefficient  of  variation,  and  hence  -- 
perfectly  well  suited  for  our  purposes,  because  we  are  not  interest  ^^^ 
in  size  per  sr,  Init  in  variability  in  size. 

After  the  slides  were  stained,  thev  were  examined  and  the  midl"!-^*^ 
of  a  hundred  trypanosomes,  from  eacli,  drawn  at  a  magnification         ^ 
3,000,  with  the  aid  of  a  camera  luoida.     These  midlines  were  tl'»  ^^-^ 
stepped  ort'  with  a  pair  of  dividers,  the  points  of  which  were  plat:*  ^=^^' 
3  mm.  apaH.     Tiie  luiniber  of  steps  obtained  for  each  line  represent  ^-^^■ 
the  length  of  the  trypanosome  in  microns.     It  is  to  be  emphasi>^  ^-'^ 
tiiat  in  drawin^if  sjx'cinuMis  from  a  <2:iven  slide,  ever)''  specimen  v^^  '^^^ 
drawn  just  as  it  was  ciu^ountered,  until  the  recpiisite  number  was    ^-^ 
taiiicd.     In  other  words,  then*  was  no  selection  of  the  individuals.  ^  ^  ""-^^ 
the  100  trypanosomes  n»presented,  as  near  as  possible,  a  true  rand*'^^ 
sample. 

G.  K.rprr'nnnital  procedure.  In  ])resenting  the  various  exp<^^'^' 
montal  ti'vpaiiosoniiascs  which  follow,  we  have  classified  them  accord i^^- 
to  th(^  liost  ratlKM*  than  the  species  of  trypanosome.    This  was  thon.ir^''^ 
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two  things:  (1)  it  may  retard  the  rate  of  reproduction  of  the  para- 
sites, or  (2)  it  may  destroy  them  after  they  are  formed.  A  fairly 
accurate  picture  of  the  sum  total  of  the  resistance  of  the  host  may  be 
obtained  by  making^  daily  determinations  of  the  number  of  trypano- 
somes  per  cmm.  of  blood.  If,  for  example,  the  parasites  either  re- 
main constant  or  decrease  in  niunber  for  a  certain  period,  we  know 
some  type  of  resistance  is  operative,  but  we  do  not  know  whether  it 
is  producing  its  effect  by  retarding  the  rate  of  reproduction  of  the 
parasites  or  destroying  them  after  they  are  formed.  That  this  is 
true  is  sho\^Ti  by  a  consideration  of  the  following  equation  which 
gives  the  factors  determining  the  number  of  parasites  per  cmm.  of 
blood. 

Number  of  parasites  per  cmm.  of  blood  =  Number  produced  by  re- 
production of  parasites  —  Number  destroyed,  in  consequence  of 
the  resistance.* 
A  further  consideration  of  this  equation  shows  that  if  we  can  supple- 
ment the  enumerative  studies  with  a  measure  of  either  the  rate  of 
reproduction  of  the  parasites  or  with  a  measure  of  the  rate  of  their 
destruction,  we  can  differentiate  between  the  two  types  of  the  re- 
sistance. 

In  the  present  work  we  have  attempted  to  differentiate  between 
the  two  different  types  of  resistance  by  supplementing  the  daily 
counts  with  a  measure  of  the  rate  of  reproduction  of  the  trypanosomes. 
It  would  probably  be  impossible  to  get  an  absolute  measure  of  this 
rate  unless  we  could  preserve  all  of  the  progeny  which  are  produced, 
and  this  is  obviously  not  possible,  if  some  are  being  destroyed.  Our 
measure  of  this  rate  is,  therefore,  a  comparative  one,  and  is  based  on 
the  difference  in  the  variability  in  size  in  the  individuals  of  a  sample 
taken,  on  the  one  hand,  from  a  population  of  organisms  undergoing 
rapid  multiplication,  and,  on  the  other  hand,  from  a  population  of 
organisms  undergoing  little  or  no  multiplication.  It  is  a  matter  of 
common  observation  that  a  sample  from  a  population  of  the  first  type, 
which  necessarily  consists  of  adults  and  many  young  forms  in  different 

•  The  objection  might  be  raised  that  a  disappearance  of  the  trypanosomes 
from  the  blood  does  not  necessarily  mean  that  the  orpjanisms  are  destroyed,  be- 
cause they  may  have  simply  migrated  into  the  tissues.  While  trj'panosomes 
undoubtedly  do  occur  in  the  tissues,  there  is  no  evidence  that  they  occur  in  greater 
quantities  there,  when  they  begin  to  decrease  in  the  blood.  On  the  other  hand, 
Levaditi  and  Mcintosh  (1910)  have  found  trypanolytic  antibodies,  produced  after 
the  crises  in  the  relapsing  typos  of  infection,  which  indicates  strongly  that  the 
tr>*pano8ome8  are  actually  destroyed. 
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the  organisms  which  were  not  killed.    It  also  seems  quite  probable 
that  this  five-day  period  of  resistance  was  the  underlying  factor  in 
the  increased  length  of  this  infection.     If  this  period  be  removed 
from  our  figure  and  table,  our  data  present  a  picture  almost  exactly 
similar  to  the  ones  described  for  the  shorter  infections. 

C,  Pathogenic  infection  of  the  relapsing  type.  Of  the  trypanosomes 
which  we  have  studied,  only  one,  namely  T,  equinum,  produces  a  true 
relapsing  infection  in  the  rat.     Our  general  experience  with  this  in- 
fection in  the  rat  is  closely  similar  to  that  of  Pearce  and  Brown  (1918). 
We  have,  however,  worked  up  the  data  of  only  one  infection  of  this 

T,  equhium:  rat  729. 

Protocol  720.  Culture  rat,  infected  with  T.  equinum.  Injected  intraperi- 
toneally  with  1  c.c.  of  a  1-200  dilution  of  blood  from  a  lightly  infected  rat,  on 
October  30,  1921.  Organisms  first  demonstrated  in  the  blood  on  November  2. 
Rat  was  dead  by  November  9,  at  9:00  A.M.  Calculations  of  the  coefficient  of 
variation  for  total  length,  based  on  the  measurement  of  100  individuals  in  each 
case,  and  estimations  of  the  number  of  organisms  per  emm.  of  blood,  made  12 
times  during  the  course  of  the  infection,  on  the  dates  shown  in  Fig.  9  and  Table 
8.  After  the  trypanosomes  first  appeared  in  the  blood  they  disappeared  com- 
pletely from  the  peripheral  circulation  on  two  occasions  during  the  course  of  the 
infection,  and  could  not  be  found  on  November  3  at  3:00  P.M.,  or  on  November 
6,  at  9:00  A.M.  and  3:00  P.M.     These  two  intervals  are  indicated   in   Fig.  9. 

Incubation  period  was  3  days. 

Duration  of  the  infection  was  approximately  10 V^  days. 

TABLE  8. 

Mean,   standard   deviation,   and   coefficient   of   variation   for   total   length    at    IJ 

intervals  and  the  number  of  trypanosomes  per  cmm.  of  blood  at  15  itUcrvah 

during  the  course  of  the  infection  with  T.  equinum  in  rat  7c\9. 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals.  1,'2*H^ 
tryi)anosonies  having  been  measured  during  this  infection.  See  Fig.  9  for  graph 
of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  emm.  of 
blood. 


Interval  afUT 
injection. 


Mean  length.  . .  . 

Standard  devia- 
tion   

Coefficient    of 
variation 

Number  of  try- 
panosomes per 
cmm.  of  blood. 


3  tluys. 


3  days 
12  hrs. 


I  .  I 

4  days.    4  days  i  5  days.  '  5  days     6  days,     ri  days 
12  hrs.  I  12  hrs.  !  ,12  hrs. 


I 


21.710zt.l39  21.412  21.677! 121.222  21.694 


2.073  ±.098 


1.790     1.803  ' i  2.141 


2.004 


9.54  ±.45       8.36       8.31    , 10.09    i  9.23 


4,000         48,000  73,000  j    000       800       3,000 


21.490  23.00* 


2.062    2.626 
9.59    11.41 


8,000    9,000 
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Interval  after 
injection. 

7  days. 

7  days 
12hr8. 

8  days. 

8  days 
12hr8. 

9  days. 

1 

9  days 
12hrs. 

10  days. 

Mean  lenicth .... 

, 

22.263 
2.083 
9.35 

483,000 

22.373 
2.220 
9.92 

1,171,000 

22.019 
2.078 
9.44 

3,436,000 

22.233 
2.315 
10.41 

4,869,000 

21.654 

Standard  devia- 
tion  

1 
i 
I 

2.346 

Coefficient  of       i 

variation i 

10.83 

Number  of  try- 
panosomes  per 
cznm.  of  blood. 

1 

1 
1 

000       000 

i 

9,707,000 

An  examination  of  the  data  in  F\s.  9  and  Table  8  indicates  that 
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2, 


1- 


DaC|  of  Infection 
Pio.  9.     Graph  }?howiiig  the  coefticient  of   variation  for  total  len^h    (com- 
parative measure  of  the  rate  of  reproduction)   and  the  number  of  trypanosomes 
per  cmm.  of  blood,  throughout  the  course  of  the  infection  with   T.  equmum  in 
rat  729. 

there  were  no  progressive  ehanjres  in  the  rate  of  reproiluction  of  the 
trypanosomes,  as  indicated  by  the  coefficient  of  variation.  This  re- 
mained somewhere  in  the  neirrhborhood  of  10  per  cent,  throughout  the 
entire  infection.  The  number  of  tlie  tiypanosomes  per  cmm.,  however, 
showed  some  very  marked  fluctuations.  They  appeared  in  the  blood 
three  times  during  the  course  of  the  infection,  and  disappeared  twice. 
Dnring  tlieir  first  appearance  they  reached  73,000  per  cmm.    (the 
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highest  number),  during  their  second  9,000  per  cmm.,  and  during 
their  third  9,707,000  per  cmm.,  culminating  in  death.     These  two 
complete  disappearances  of  the  organisms  from  the  blood  indicates 
the  development  of  a  resistance  which  destroys  the  organisms  with- 
out any  marked  influence  on  their  rate  of  multiplication. 

The  Mouse  as  a  Host  of  Trypanosome  Infection. 

"We  have  been  unable  to  obtain  T.  duttoni  which  is  a  non-pathogenic 
trypanosome  of  mice,  very  similar  to  T.  lewisi  of  the  rat.  Roudsky 
(1911),  by  a  special  treatment  of  T,  leivisi,  has  been  able  to  grow  this 
organism  in  the  mouse,  in  which  case  it  develops  into  a  lethal  parasite. 
It  would  be  very  interesting  to  compare  the  condition  of  affairs  in 
T,  lewisi,  when  it  is  pathogenic  and  when  it  is  non-pathogenic,  but 
we  have  bfeen  unable  to  do  this.  The  following  two  infections  in  the 
mouse  are,  perhaps,  our  best  examples  of  infections  in  which  the  hc«t 
builds  up  no  resistance  of  either  type. 

A.  Pathogenic  infection  of  the  continuous  type. 

T.  brucei:  moiise  728. 

Protocol  7£8.  Culture  mouse,  infected  with  T.  hrucei.  Injected  intraperi- 
toneally  with  0.75  c.c.  of  a  1-200  dilution  of  blood  from  a  lightly  infected  guinea 
pig,  on  November  28,  1921,  at  8:30  A.M.  Organisms  first  demonstrated  in  the 
blood  on  November  29,  at  9:00  A.M.  Mouse  was  dead  on  December  2,  at 
9:00  A.M.  Calculations  of  the  coefficient  of  variation  for  total  length,  based  on 
the  measurement  of  100  individuals  in  each  case,  and  estimations  of  the  number 
of  organisms  per  cmm.  of  blood  were  made  6  times  dufing  the  course  of  the  infec- 
tion, as  is  shown  in  Table  9  and  Fig.  10. 

Incubation  period  was  1  day. 

Duration  of  the  infection  was  approximately  3%  days. 

TABLE  9. 

Mean,  standard  deviatu>n,  and  coefficient  of  variation  for  total  lengthy  and  the 
number  of  trypanosomes  per  cmm.  of  blood  at  6  intervals  during  the 

infection  with  T.  brucet  in  m^mse  7'Ji8. 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals,  6(H) 
trypanosomes  having  been  measured  during  this  infection.  See  Fig.  10  for  graph 
of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  cnira.  of 
blood. 


Interval  after  injection. 


1    d:iy   2    lira. 


1  flav      2  days. 
12  hrs. 


Mean  length 22.554±.12o  ,22.336  122.793 

Standard  deviation 1   1.8r)r)±.088  !  2.224     2.261 

I 

Coefiicient  of  variation 8.27   ±.39     10.05       9.92 

Number  of  trypano.soines 

per  cniin.  of  blood I  900  4,000    10,000 


2  days      3  days. 
12  hrs. 


3  dav-3 
12  hrs. 


22.213  23.005  '  22.4SO 
2.101  I  2.267 
9.13        10.08 


2.247 
10.11 

93,000 


409,000  4,103,000 
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is  a  pteasore  to  acknowledge  our  great  indebtedness  to  these  investiga- 
tors, without  whoee  eourtesy  we  would  have  been  unable  to  carry  out 
the  present  work.  Mention  should  also  be  made  of  the  valuable  assist- 
ance received  from  our  laboratory  assistant,  Mr.  Conrad  Bauer. 

C.  Measurements  of  size.    As  our  measure  of  the  rate  of  reproduc- 
tion of  the  trypanosomes  is  based  on  determinations  of  the  coefficient 
of  variation  in  size,  of  samples  taken  from  different  infections,  it  is 
necessary'  to  select  some  distance  on  the  body  of  the  trypanosomes, 
as  a  measure  of  size,  whose  magnitude  is  different  in  young  and  adult 
forms,  and  whose  determination  can  be  easily  and  accurately  made. 
A  consideration  of  the  structure  of  a  trypanosome  suggests  several 
such  measurements.    The  shape  of  the  body  in  T.  lewisi,  for  example, 
can  be  seen  by  an  examination  of  Fig.  2.    The  chief  organelles  are  a 
more  or  less  centrally  placed  nucleus,  a  blepharoplast  from  which  a 
Hagellum  arises,  and  a  parabasal  body  which  is  generally  so  closely 
associated  with  the  blepharoplast  as  to  obscure  it.     The  proximal 
portion  of  the  flagellum  which  extends  along  the  side  of  the  body  is 
vmited  with  the  latter  by  the  so-called  undulating  membrane.    In  the 
pathogenic  species  these  structures  are  slightly  modified  in  that  the 
total  length  of  the  body  is  less,  the  width  is  greater,  the  distance  from 
the  i)oeterior  end  to  the  parabasal  body  is  leas,  and  the  parabasal 
lK>dy  is  smaller. 

In  our  work  on  T.  leurisi  and  T,  equiperdum,  we  calculated  the 
ooefficient  of  variation  for  all  of  the  six  distances  shown  in  Pig.  2, 
x^-iz.,  (1)  posterior  end  to  parabasal  body,  (2)  parabasal  body  to  nu- 
cleus, (3)  nucleus  to  anterior  end,  (4)  anterior  end  to  end  of  flagellum, 
C5)   total  length,  which  includes  these  four  measurements,  and   (6) 
^^ridth,  which  was  taken  midway  between  the  parabasal  body  and  the 
Nucleus.    It  can  readily  be  seen  that  all  of  these  distances  are  smaller 
i:n  specimens  which  have  just  divided  (young  forms)  than  in  specimens 
just  before  division  (**  adult  *'  forms).    It  was  found,  therefore,  that 
^  study  of  the  coefficient  of  variation  of  any  of  these  distances  indi- 
cated the  changes  in  the  rate  of  reproduction.    After  a  careful  con- 
Bideration  of  the  various  measurements,  however,  we  decided  to  use 
Only  total  length.    This  distance  is  undoubtedly  the  best  single  meas- 
iirement  of  size  for  our  purpose  because:  (1)  it  is  the  longest  distance, 
and  henee,  personal  errors  in  measuring  it  are  proportionately  less 
tlian  for  the  shorter  distances,  and  (2)  some  of  the  distances  between 
organelles  are  intrinsically  more  variable  due  to  the  shifting  back  and 
forth  of  the  organelles  (see  Taliaferro,  *  1922). 


280 


W.  H.  TALIAFERRO  AND  L.  G.  TALIAFERRO. 


in  Fig.  4  and  Table  3.    Estimations  of  the  number  of  organisms  per  cmm.  ^^ 
blood  were  made  on  5  days  as  is  shown  in  the  same  figure  and  table. 

Incubation  period  was  8  days. 

Duration  of  infection  was  79  days. 


TABLE  3. 

Mean,  standard  deviation,  and  coefficient  of  variation  for  total  length,  and- 
ntbmber  of  trypanosomes  per  cmm,  of  blood  on  6  days  during  the 

infection  with  T.  lewisi  in  rat  116, 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals^ 
trypanosomes  having  been  measured  during  this  infection.     See  Fig.  4  for 
of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  cmm.  of  b 
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600 
ph 
ood. 


Interval  after  injection 


Mean  length 26.029=t.470 

Standard  deviation     6.978 ±.332 

Coefficient  of  vari- 
ation        26.80d:1.36 

Number  of  trypan- 
osomes per  cmm. 
of  ))lood 


25  days. 

32  days. 

30  days. 

49  days. 

29.481 

30.551 

29.271 

31.629 

2.061 

.982 

.928 

.850 

6.99 

3.21 

3.17 

2.68 

504,000 

164,000 

68,000 

43,000 

79  da 


3L162=4=. 
1.469d= 

4.71  ±. 


12, 


099 
070 


Fewer  determinations  were  made  during  this  infection  than  in_  the 
previous  one.  An  examination  of  Fig.  4  and  Table  3  shows,  how^^  ^'er, 
that  the  results  obtained  support  the  conclusions  reached  in  the    ; 
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Fk;.  4.     Graph  showing  the  coefficient  of  variation  for  total  length  (coaip^r^- 
tive  iiK'asuro  of  the  rate  of  reproduction)   and  the  number  of  trypanosomes  per 
cmm.  of  Mood,  ihroufjhout  the  course  of  the  infection  with  T.  lewisi  in  rat  116. 
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known.  For  this  reason  the  probable  error  for  most  of  the  constants 
has  been  worked  out  with  the  aid  of  Pearson's  Table  for  Statisticians 
and  Biometricians.  With  the  exception  of  the  data  for  T,  lewisi,  it 
seemed  unnecessary  to  give  the  probable  errors  for  any  more  than  the 
constants  of  one  day  of  each  infection,  because  they  vary  very  little 
in  magnitude  from  day  to  day,  and  are  all  computed  from  samples  of 
the  same  number  (i.e.,  100  individuals).  In  the  case  of  T.  lewisi  the 
probable  errors  are  given  for  the  first  and  last  days  of  the  infection. 
Besides  these  probable  errors  Table  1  is  appended  which  gives  the 
probable  errors  of  the  coefficient  of  variation  for  the  integral  numbers 
2  to  19  per  cent.,  Hvhere  n  equals  100.  This  table  enables  one  to 
ascertain  approximately  the  probable  error  of  all  of  the  coefficients  of 
variation  the  probable  errors  of  which  are  not  given  in  the  tables. 


TABLE  1. 

The  probable  errors  (P.  E.)  for  the  coefficient  of  variation  (C.  F.)  from  2  to 

19  per  cent,  where  n  equals  100, 


C.  V. 

P.  E. 

C.  V. 

P.  E. 

C.  V. 

P.E. 

2.00 

.09 

8.00 

.38 

14.00 

.68 

3.00 

.14 

9.00 

.43 

15.00 

.73 

4.00 

.19 

10.00 

.48 

16.00 

.78 

5.00 

.23 

11.00 

.53 

17.00 

.83 

6.00 

.28 

12.00 

.58 

18.00 

.88 

7.00 

.33 

13.00 

.63 

19.00 

.93 

E.  Enumeration  of  trypanosomes.  Several  methods  have  been  de- 
vised for  counting  blood-inhabiting  protozoa,  such  as  trypanosomes. 
One  of  these  methods  is  that  of  Kolmcr  (1915),  who  dilutes  the  blood 
with  a  fluid  which  hemolyzes  the  red  cells,  and  tlien  counts  the  trypano- 
somes with  the  ordinary  blood  eoiuiting  methods.  Ross  and  Thomson 
(1911),  in  their  enumerative  studies  on  trypanasomes,  made  a  thick 
smear  of  a  known  quantity  of  blood,  and  then,  after  plasmolyzing  the 
red  cells,  counted  the  trypanosomes  on  the  slide.  In  our  work  we 
made  red  blood  cell  counts  for  our  various  experimental  animals,  and 
then  made  thin,  even  blood  smears  from  them.  After  these  blood  smears 
were  stained,  the  red  blood  cells  and  trypanosomes  in  a  large  number 
of  microscopic  fields  were  counted  and  the  ratio  between  them  calcu- 
lated. Knowing  the  number  of  red  cells  per  cmm.  and  the  ratio  of 
trypanosomes  to  the  red  cells,  it  was  an  easy  matter  to  compute  the 
number  of  trypanosomes  per  cmm.  of  blood.    In  a  number  of  cases  we 
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ity  of  infections  with  pathog<enic  trypanosomes  in  the  rat  are  of  the 
continuous  type.    From  the  standpoint  of  the  resistance  built  up  by 
the  host,  these  infections  present  just  the  opposite  conditions  to  those 
found  in  a  non-pathogenic  trypanosome  such  as  T.  lewisi.    In  the 
following  experiments  we  have  studied  T.  equiperdum  and  T.  rhodes- 
iense,  both  of  which  show  this  type  of  infection  in  the  rat. 

T,  equiperdum:  rat  619, 

Protocol  619,  Culture  rat  infected  with  T.  equiperdum.  Injected  intraperi- 
toneal]y  with  1  c.c.  of  a  1-100  dilution  of  blood  from  a  guinea  pig  which  had  a 
heavy  infection,  on  February  17,  1921,  at  10:00  A.M.  Organisms  first  demon- 
strated in  the  blood  on  February  19,  1921,  at  9:00  A.M.  Bat  died  on  February 
23,  1921,  at  8:00  A.M.,  the  last  slides  being  made  during  terminal  convulsions. 
Trypanosomes  were  measured  and  the  coefficient  of  variation  calculated  for  total 
length,  and  estimations  of  the  number  of  organisms  per  cmm.  of  blood  w^ere 
made  at  8  periods  during  the  course  of  the  infection,  as  is  shown  in  Fig.  5  and 
Table  4. 

Incubation  period  was  1  day  23  hours. 

Duration  of  infection  was  5  days  22  hours. 

TABLE  4. 

Mean,  standard  deviation,  and  coefficient  of  variation  for  total  length,  and  the 

number  of  trypanosomes  per  cmm.  of  hlood  at  8  intervals  during 

the  course  of  the  infection  with  T.  equiperdum  in  rat  619. 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals, 
800  trypanosomes  having  ])een  measured  during  this  infection.  See  Fig.  5  for 
graph  of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  cmm. 
of  blood. 


Interval  after  injection. 


2  days  10  hrs. 


3  days. 


3  days  10  hrs.  I  3  dajra  22  hrs. 


Mean  length !23.640±.117, 

Standard  deviation '   1.735  ±.082 

Coefficient  of  variation '   7.34  d=.35 

Numl)er  of  trypanosomes  p>er 
cmm.  of  blood 7,000 


23.812 
1.788 
7.51 

38,000 


22.448 
1.821 
8.14 


229,000 


24.552 
1.6S7 
6.87 

194,000 


Intor\'al  after  injection. 

Mean  lenptli 

Standard  deviation 

Coefficient  of  variation  .  . 


4  days  12  hrs.  4  days  22  hrs.  5  days  11  hrs.  5  days  22  bra. 


24.880 
2.280 
9.16 


24.792 
2.562 
10.33 


23.976 
2.191 
9.13 


23.574 
2.579 
lO.M 


Number  of  trypanosomes  per 
cnini.  of  hlood 1,333,000        1,710,000       3,692,000    ;    5,102,000 
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Even  a  casual  glance  at  Fig.  5  and  Table  4,  which  give  the  results 
obtained  for  this  infection,  show  that  the  changes  both  in  the  coefficient 
of  variation  and  the  number  of  parasites  are  entirely  different  from 
those  of  T,  lewisi.  The  coefficient  of  variation  was  7.34  per  cent,  on 
the  first  day  after  the  trypanosomes  appeared  in  the  blood.  This  value 
is  considerably  lower  than  that  for  the  same  day  in  the  T,  lewisi  in- 
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Fig.  5.  Graph  showing  the  coefficient  of  variation  for  total  length  (compara- 
tive measure  of  the  rate  of  reproduction)  and  the  number  of  trj'panosomes  per 
cnim.  of  blood,  throughout  the  course  of  tlie  infection  with  T.  equiperdum  in  rat 
619. 

fections.  Instead  of  getting  lower,  however,  as  it  did  in  the  latter 
infections,  it  rose  until  at  the  time  the  animal  died  it  was  10.94  per 
cent.  There  is  no  doubt  that  this  increase  in  the  coefficient  of  variation 
is  significant  from  the  statistical  standpoint,  because  the  difference  be- 
tween the  constants  in  these  two  days  is  approximately  6  times  its 
probable  error.  (10.94  it  .52)  —  (7.84  ±  .35)  =  (3.60  ±  .62).  The 
question  then  arises  is  this  great  difference  actually  due  to  an  increase 
in  the  rate  of  multiplication  of  the  parasite  or  simply  to  some  exper- 
imental error  in  technique?  This  question  can  not  be  answered  until 
data  for  more  infections  of  this  kind  are  obtained.  The  general  shape 
of  the  graph,  showing  the  changes  in  the  coefficient  of  variation,  in- 
dicates that  the  rise  is  significant.  We  are  at  least  justified  in  conclud- 
ing that  the  host  does  not  build  up  any  resistance  w^hich  is  directed 
toward  a  retardation  of  the  reproduction  of  the  parasites,  as  was  the 
case  in  the  non-pathogenic  infection  with  T.  leimsi.  There  is,  on  the 
contrary,  some  evidence  that  the  parasite  gradually  overcomes  more 
and  more  the  natural  resistance  which  the  host  had  at  the  beginning 
of  the  infection. 
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a  production  of  abnormalities  in  the  trypanosomes  due  to  some  adverse 
environmental   factor,    such   as    a   trypanolytic   antibody.      Let  us 
consider  the  last  possibility  first.    There  probably  is  a  trypanolytic 
antibody  formed  during  the  infection,  because  this  is  the  most  plausible 
way  to  account  for  the  partial  disappearance  of  the  trypanosomes 
from  the  blood.    This  will  hardly  account  for  this  increase  in  variabil- 
ity, however,  because  it  is  not  noticeable  in  any  of  the  other  infections 
in  ivhich  a  similar  antibody  is  probably  formed  and,  if  it  were  true 
in  this  case,  we  would  expect  the  increase  in  variability  to  begin  when 
the  organisms  first  begin  to  disappear  from  the  blood,  namely,  on  the 
sixth  day.    The  increase,  then,  is  due  to  either  one  of  the  first  two 
possibilities.    Prom  our  standpoint,  however,  this  is  of  little  imx)or- 
tance,  because  the  host  certainly  does  not  build  up  a  resistance  which 
retards  the  rate  of  reproduction,  for  the  coefiicient  of  variation  shows 
no  tendency  to  decrease  in  value. 

While  there  is  no  evidence  of  a  retardation  in  the  reproduction 
of  the  parasites,  there  is  evidence  of  their  partial  destruction.  Be- 
tween the  fourth  and  sixth  days  their  numbers  mounted  to  247,000  per 
cmm.  They  then  rapidly  disappeared  from  the  blood,  so  that  there 
were  only  3,000  on  the  tenth  day  of  the  infection.  During  the  next 
twenty-four  hours,  they  again  began  to  increase,  and  reached  12,000 
shortly  prior  to  the  animal's  death. 

T.  rJiodemnse:  dog  714. 

Protocol  7U.  Very  young  female  puppy,  weight  400  grams,  infected  with 
T,  rhodesien^e.  Injected  intraporitoneally  with  2  c.c.  of  a  1-50  dilution  of  blood 
from  a  heavily  infected  rat,  on  July  9,  1921.  Organisms  first  demonstrated  in 
the  blood  on  July  11.  Dog  died  on  July  18,  at  11:00  A.M.,  the  last  slides  being 
made  one  hour  before  death.  Calculations  of  the  coefficient  of  variation  for 
total  length,  based  on  tho  measurement  of  100  individuals  in  each  case,  and 
estimations  of  the  number  of  organLsms  per  cmm.  of  blood  were  made  5  time^ 
during  the  course  of  the  infection  on  the  dates  shown  in  Fig.  13  and  Table  12. 

Incubation  period  was  2  days. 

Duration  of  tho  infection  was  9  davs. 

The  coefficient  of  variation  for  total  lengrth  (Fig.  13  and  Table  12) 
remained  constantly  around  the  value  of  9  per  cent,  througrhout  the 
course  of  this  infection.  There  were  indeed  no  fluctuations  which 
were  of  statistical  significance.  While  it  is  unfortunate  that  no  de- 
termination of  the  number  of  orgajiisms  per  cnun.  was  made  on  the 
eighth  day,  it  can  be  seen  that  the  general  nature  of  the  changes  in 
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the  number  of  parasites  was  similar  to  those  found  in.  dog  713.  Be- 
tween the  fourth  and  sixth  day  of  the  infection,  the  number  of  try- 
panosomes  rose  until  they  were  94,000  per  emm.  They  then  dropped 
to  51,000  on  the  seventh  day  and  rose  again  to  61,000  on  the  ninth 
day,  one  hour  prior  to  death. 

TABLE  12. 

Mean,  standard  deviation,  and  coefflcicnt  of  variation  for  total  length,  and  the 

number  of  trypanosome^  per  cmm.  of  "blood  on  5  days  during  the 

course  of  the  infection  with  T.  rhodesiense,  in  dog  714, 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals, 
500  trypanosomes  having  been  measured  during  this  infection.  See  Fig.  13  for 
graph  of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  cmm. 
of  blood. 


Interval  after  injection. 

Mean  length 

Standard  deviation 

Coefficient  of  variation 

Niunber  of  trypanosomes  per 
cmm.  of  blood 


4  days. 


5  days.  0  days.     I     7  days.     I     9  days. 


26.207  =4=.  154 

26.492 

25.983 

24.899 

23.612 

2.294  =b.l09 

2.388 

2.525 

2.270 

2.227 

8.75  ±.42 

9.01 

9.75 

9.11 

9.59 

7,000 

41,000 

94,000 

51,000 

61,000 
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Fig.  13.  Graph  showing  the  cooflicient  of  variation  for  total  length  (com- 
parative measure  of  the  rate  of  reproduction)  and  the  number  of  trypanosomes 
per  cmm.  of  blood,  throughout  the  course  of  the  infection  with  T.  rhodesiense  in 
dog  714. 


To  Slim  up,  then,  the  results  from  these  two  dogs  indicate  that, 
while  there  is  no  resistance  that  affects  the  rate  of  reproduction,  there 
is  a  marked  resistance  developed  which  is  directed  toward  a  destruc- 
tion of  the  parasites  after  they  are  formed.    It  is  significant  to  note 
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that  the  development  of  this  resistance  apparently  had  little  or  no 
connection  with  the  time  of  death.  While  the  death  of  both  animals 
took  place  when  the  trypanosomes  were  actually  increasing  in  number, 
the  number  of  parasites  was  low  in  comparison  to  the  number  present 
at  the  peak  of  the  infection. '  This  is  in  marked  contrast  to  the  condi- 
tion of  affairs  in  rats  and  mice  (see  especially  the  discussion  under 
rat  709). 

The  Guinea  Pig  as  a  Host  of  Trypanosome  Infection. 

One  of  the  best  examples  of  relapsing  types  of  infection  is  found 
when  the  pathogenic  African  trypanosomes  are  grown  in  th^*  guinea 
pig.  They  are  generally  of  a  more  chronic  type  than  the  infection  in 
any  of  the  previous  hosts  considered.  A  description  of  their  general 
character  can  be  found  in  Pearce  and  Brown  (1918).  The  following 
experiments  give  an  account  of  two  of  these  infections. 

A,  Pathogenic  infections  of  a  relapsing  type, 

T,  rhodesiense:  guinea  pig  719. 

Protocol  719,  Guinea  pig,  infected  with  T,  rhodesiense.  Injected  intrapori- 
toneally  with  2  c.c.  of  a  1-200  dilution  of  blood  from  a  heavily  infected  rat,  on 
July  13,  1921.  Organisms  first  demonstrated  in  the  blood  on  July  18.  Guinea 
pig  was  dead  on  August  25,  at  9:00  A.M.  Calculations  of  the  coeflScient  of  varia- 
tion for  total  length,  based  on  the  measurement  *of  100  individuals  in  each  case, 
and  estimations  of  the  number  of  organisms  per  cmm.  of  blood  were  made  15 
times  during  the  course  of  the  infection,  as  is  shown  in  Fig.  14  and  Table  13. 
From  the  5th  to  the  2.Sd  day  of  the  infection  only  one  or  two  trypanosonies  oouM 
bo  found  in  fri'sh  ])lood  preparations.  The  infection  during  this  period  wa*  ^ 
light  that  the  organisms  could  be  noitlior  counted  nor  drawn. 

Incubation  period  was  5  days. 

Duration  of  the  infection  was  approximately  42Vj  days. 

This  infeetioii  was  a  fairly  long  one,  lasting  for  forty-three  clay^* 
(Fig.  14  and  Table  13).  After  an  incubation  period  of  five  days,.' 
single  trypanosome  was  demonstrated  in  the  blood.  From  the  fifths 
the  twenty-third  day.  one  or  two  organisms  could  be  found  in  fresti 
blood  preparations,  but  they  were  never  in  great  'enough  numbers, 
either  to  obtain  a  sample  for  the  computation  of  the  coefficient  ^-'^ 
variation,  or  to  get  an  estimation  of  their  numbers.  This  perio" 
of  the  infection  undonbtedly  represent.^  a  period  of  resistance  by  tli^* 
host,  but  we  have  no  way  of  telling  whether'the  failure  of  the  parasit<'^ 
to  increase  in  number  was  due  to  a  period  of  low  reproductive  activity 
or  to  the  destruction  of  a  large  part  of  their  numbers  by  the  host. 
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not  be  accounted  for  on  the  basis  of  the  cessation  of  reproductive 
activity  alone,  because,  had  this  been  the  only  factor  involved,  the 
number  of  parasites  would  have  remained  stationary.  We  must, 
therefore,  conclude  that,  at  this  point,  the  host  has  built  up  a  re- 
sistance not  only  toward  a  retardation  of  the  rate  of  reproduction, 
but  also  toward  an  actual  destruction  of  the  parasites  after  they  are 
formed.  From  the  fourteenth  day  until  the  thirty-fifth  day,  the 
number  of  parasites  in  the  blood  remained  practically  constant  with 
the  exception  of  a  slight  decrease.  Between  the  thirty-fifth  and 
thirty-sixth  days  they  completely  disappeared  from  the  blood  and 
could  never  be  found  again  although  repeated  attempts  were  made 
to  demonstrate  their  presence. 

To  sum  up  the  results  obtained  in  this  infection  with  T.  lewisi  in 
the  rat,  we  find:  (1)  A  resistance  was  built  up  which  retarded  the 
Tate  of  reproduction  of  the  parasites  more  and  more,  and  finally  in- 
liibited  it  altogether  (by  the  tenth  day).     It  is  true  that  growth  of 
"the  organisms  may  have  taken  place  for  some  days  more,  but  ap- 
parently all  actual  multiplication  was  stopped  by  this  time.     (2)  Be- 
"tween  the  tenth  and  fourteenth  days,  a  resistance  was  developed  which 
billed  off  a  large  number  of  the  parasites,  i.e.,  it  was  directed  toward 
"their  destruction  after  they  were  formed.    Finally,  (3)  a  resistance  of 
tihe  second  type  was  again  developed  by  the  thirty -fifth  day  which 
claused  the  complete  destruction  of  all  the  remaining  organisms. 

In  the  present  paper  we  will  limit  our  discussion  simply  to  the 
cjiffefent  effects  of  the  host's  resistance  and  not  its  trature.  It  is  pos- 
sible that  these  different  effects  are  due  to  the  same  fundamental  type 
f  resisftance.  This  is  notably  true  of  the  first  and  second  effects 
iven  above.  We  will  call  attention  to  the  fact,  however,  that  the 
gency  which  finally  destroys  the  trypanosomes  at  the  end  of  the 
ixifection  and  that  which  causes  the  first  decline  in  numbers  is  prob- 
ably different.  We  feel  this  to  be  true,  because  the  time  which  elapses 
ctween  the  two  varies  to  such  an  extent.  In  the  present  infection  this 
i^iterval  was  about  twenty -five  days,  but  it  may  vary  from  a  week  to 
^^veral  months. 

Eat  116, 

Protocol  116,    Culture  rat  infected  with  T.  lewisi.    Injected  intra peritoneally 
'^^th  a  single  trypanosome,  which  was  isolated  with  a  Barber  pipette,  on  April  8, 
^920.     Organisms  first  demonstrated  in  the  blood  on  April  16,  1920.     Trypano- 
somes disappeared  from  the  blood  on  June  26,  1920,  and  were  never  found  after 
this  date,  although  repeated  blood  examinations  were  made.    No  clinical  symptoms 
^ere  observed  during  the  course  of  the  infection.     Trypanosomes  were  measured 
and  the  coefficient  of  variation  for  total  length  calculated  on  6  days,  as  is  shown 
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rat,  on  May  11,  1921,  at  2:00  P.M.    Organisma  first  demonstrated  in  the  blood  oa 
May  13,  at  2:00  P.M.    Kat  was  dead  by  May  25.    Calculations  of  the  coefficient 
of  variation  for  total  length,  based  on  the  measurement  of  100  individuals,  and 
estimations  of  the  number  of  organisms  per  cmm.  of  blood  were  made  9  tim^* 
during  the  course  of  the  infection,  on  the  dates  shown  in  Fig.  8  and  Table    '7- 

Incubation  period  was  2  days. 

Duration  of  the  infection  was  approximately  13%  days. 


TABLE  7. 

Mean,  standard  deviation,  and  coefficient  of  variation  for  total  length,  and  t 
number  of  trypanosomes  per  cmm,  of  blood  at  9  intervals  during  the 
^  infection  with  T,  rhodesiense  in  rat  709, 

Each  statistical  constant  is  based  on  the  measurement  of  100  individua 
900  trypanosomes  having  been  measured  during  this  infection.  See  Fig.  8 
graph  of  the  coefdcient  of  variation  and  the  number  of  trypanosomes  per  cm~ 
of  blood. 


Interval  after  injection. 

Mean  length 26.509=4=.163 

Standard  deviation 2.430±.115 

Coefficient  of  variation  . .  |  9.16  ±.44 
Number  of  trypanosomes; 
per  cmm.  of  blood 


Is, 
:0T 


Interval  after  injection. 

Mean  length 

Standard  deviation 

Coefficient  of  variation  . . 

Number  of  trypanosomes 

per  cmm.  of  blood 


8  days  21  hra. 


9  days  21  hrs. 


23.894 
2.259 
9.45 

956,000 


24.603 
2.432 
9.88 

613,000 


11  days  20  hrs. 


25.445 
2.S46 
11.18 

1,867,000 


13  days  2  b 


24.575 
2.665 
10.84 

2,388,000 


This  infection  is  interesting:  because  it  lasted  twice  as  long  as  t 
previous  infections  and  may,  tlierefore,  give  us  some  insight  into  wb 
some  rats  live  longer  with  an  infection  of  these  pathogenic  trj^pan 
somes  than  others.     The  coefficient  of  variation  for  total  length  w 
9.16  per  cent,  on  the  first  day  that  the  parasites  appeared  in  t 
blood,  and  it  stayed  somewhere  in  the  neighborhood  of  10  per  cent,  f 
the  rest  of  the  infection.    We  do  find  that  the  valuB  on  the  first 
termination  (9.16  dz  .44)  is  significantly  lower  than  that  at  the  seco 
determination    (12.24  ±:  .59).     This  difference  is  3.08  ±  .73  and 
about  four  times  its  probable  error.    This  second  determination  is,  ho 
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vious  experiment  in  a  striking  manner.    The  coefficient  of  variation 
for  total  length  on  the  second  day  after  the  trypanosomes  appeared 
in  the  blood  (the  ninth  day  after  infection)  was  very  high  (26.80  per 
cent.),  but  it  rapidly  decreased,  so  that  it  was  only  3.21  per  cent,  on 
the  thirty-second  day,  from  which  value  it  probably  did  not  change 
throughout  the  rest  of  the  infection.    It  is  true  that  there  was  a  slight 
increase  on  the  seventy-ninth  day,  but  this  change  is  so  small  in  com- 
parison with  the  changes  noted  at  the  beginning  of  the  infection  that 
it  can  probably  be  looked  upon  as  an  experimental  error,  rather  than 
any  actual  change  in  the  trypanosomes.     These  results  indicate  that 
the  host  has  built  up  a  resistance  which  is  directed  toward  a  retarda- 
tion of  the  rate  of  reproduction  of  the  parasites,  so  that  by  the  thirty- 
second  day  of  the  infection  all  reproduction  has  ceased.    This  is  similar 
to  the  results  obtained  for  rat  105  except  that  a  longer  time  elapsed 
before  all  reproduction  was  inhibited — a  result  probably  connected 
with  the  fact  that  this  infection  was  started  with  a  single  organism. 
The  changes  in  the  number  of  trypanosomes  per  cmm.  are  also 
closely  similar  to  those  observed  in  rat  105.     There  was  an  initial 
xapid  rise  in  the  number  of  trypanosomes  so  that  there  were  504,000 
on  the  twenty-fifth  day  of  the  infection.    From  the  twenty-fifth  day 
"to  the  thirty-ninth  day,  they  disappeared  from  the  blood  at  a  rate 
almost  equal  to  their  initial  rise,  so  that  by  the  latter  day  there  were 
only  68,000  per  cmm.     From  the  thirty-ninth  day  to  the  seventy- 
Xiinth  day  the  decline  was  very  much  more  gradual.    On  the  seventy- 
Xiinth  day,  however,  there  were  only  12,000  per  cmm.  in  the  blood, 
^nd  within  the  next  twenty-four  hours  these  totally  disappeared, 
xiever  to  reappear.     Just  as  in  rat  105,  then,  there  is  a  resistance 
fcuilt  up  which  is  directed  toward  a  destruction  of  the  parasites  caus- 
ing a  marked  decrease  at  the  end  of  the  multiplicative  period  and 
"tleir  total  disappearance  at  the  end  of  the  infection: 

Our  general  results  in  regard  to  the  changes  in  the  number  of 

"trypanosomes  per  cmm.  of  blood  during  the  course  of  infections  with 

y.  lewisi  are  similar  to  those  obtained:  by  Steffan  (1921).*  This  author, 

however,  did  not  consider  these  changes  from  the  standpoint  of  the 

present  work. 

B.  Pathogenic  infections  of  a  continuous  type.    By  far  the  major- 

•  Steffan  also  describes  an  acute  type  of  infection  with  T.  lewisi  in  which 
the  parasites  increase  in  the  blood  until  the  host  diee.  Recently  we  have  found 
similar  lethal  infections  with  this  trypanosome  and  are  studying  them  with  the 
methods  given  in  the  present  paper. 
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length  of  the  infection.  Here  again  there  is  little  evidence  that  there 
was  any  marked  progressive  change  in  the  coefficient  of  variation  for 
total  length.  The  true  value  of  this  constant  was  about  10  per  cent 
throughout  the  course  of  the  infection^ (Fig.  15  and  Table  14).  Be- 
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15.  Graph  sho^ving  the  coefficient  of  variation  for  total  length  i^^' 
measure  of  the  rate  of  reproduction)  and  the  number  of  trypanosoiD^ 
,  of  blood,  throughout  the  course  of  the  infection  of  T.  hrucei  in  g^'° 


twoen  the  fifth  and  sixth  days  of  the  infection  the  parasites  increas^^- 
until  they  numbered  2,000  per  cmm.  of  blood.  They  then  disappc^^^ 
from  the  peripheral  circulation  ami  were  not  found  between  ^^^ 
seventh  and  twelfth  days.  They  reappeared  on  the  thirteenth  dayan^ 
increa.sed  until  their  number  was  17,000  per  cmm.  Here  again,  tl^^-^ 
diminished  to  800  on  the  fifteenth  day  and  rose  to  5,000  on  the  si^* 
teenth  day.  This  was  followe<l  by  a  complete  disapi)earance  from^'^ 
blood  between  the  ei;j:h teenth  and  twentieth  day«.  Their  next  app^^^* 
anee  in  the  blood,  however,  was  their  last,  and  their  numbers  rapidL 
rose  to  252,000  on  the  twenty-sixth  day,  just  before  the  death  of  *^^ 
fniinca  pij?.  In  this  infection,  therefore,  we  have  four  periods  of  i^' 
crease  in  the  numl>er  of  the  parasites  and  three  periods  of  decre«s^' 
two  of  wliicli  resulted  in  their  complete  disappearance  from  the  peripl^' 
eral  circulation. 
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Even  a  casual  glance  at  Fig.  5  and  Table  4,  which  give  the  results 
obtained  for  this  infection,  show  that  the  changes  both  in  the  coefficient 
of  variation  and  the  number  of  parasites  are  entirely  different  from 
those  of  T.  Uwisi.  The  coefficient  of  variation  was  7.34  per  cent,  on 
the  first  day  after  the  trypanosomes  appeared  in  the  blood.  This  value 
is  considerably  lower  than  that  for  the  same  day  in  the  T,  lemsi  in- 
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Fig.  5.  Graph  showing  the  coefl&cient  of  variation  for  total  length  (compara- 
measure  of  the  rate  of  reproduction)  and  the  number  of  trypanosomes  per 
.  of  bloody  throughout  the  course  of  the  infection  with  T.  equiperdum  in  rat 


ions.     Instead  of  getting  lower,  however,  as  it  did  in  the  latter 
actions,  it  rose  until  at  the  time  the  animal  died  it  was  10.94  per 
"t.   There  is  no  doubt  that  this  increase  in  the  coefficient  of  variation 
ignificant  from  the  statistical  standpoint,  because  the  difference  be- 
^n  the  constants  in  these  two  days  is  approximately  6  times  its 
P^olDable  error.     (10.94  dt  .52)  —  (7.34  ±  .35)  =  (3.60  ±  .62).     The 
^^^^^tion  then  arises  is  this  great  difference  actually  due  to  an  increase 
e  rate  of  multiplication  of  the  parasite  or  simply  to  some  exper- 
»tal  error  in  technique?    This  question  can  not  be  answered  until 
^^"ta.  for  more  infections  of  this  kind  are  obtained.    The  general  shape 
^*   t:lie  graph,  showing  the  changes  in  the  coefficient  of  variation,  in- 
o^ie^tes  that  the  rise  is  significant.    We  are  at  least  justified  in  conclud- 
^^^    that  the  host  does  not  build  up  any  resistance  which  is  directed 
^^ard  a  retardation  of  the  reproduction  of  the  parasites,  as  was  the 
^^&^  in  the  non-pathogenic  infection  with  T,  lemsi.    There  is,  on  the 
^utrary,  some  evidence  that  the  parasite  gradually  overcomes  more 
^d  more  the  natural  resistance  which  the  host  had  at  the  beginning 
ot  the  mfection. 
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for  almost  any  animal.    Take,  for  example,  man.    If  we  make  a  com- 
parison of  the  variability  of  some  measure  of  size,  such  as  height 
between  a  population  in  which  no  reproduction  is  taking  place  and 
one  in  which  rapid  reproduction  is  occurring,  the  former  will  consist 
largely  of  adults  who  will  be  more  or  less  uniform  in  height,  while 
the  latter  will  consist  of  adults  and  children  in  all  stages  of  growth 
and  will  exhibit  a  very  much  greater  variability  in  height.    It  is  also 
apparent  that  the  greater  the  number  of  children  (the  higher  the  rate 
of  reproduction)  the  greater  will  be  the  variability.    In  trypanosomes 
where  each  division  results  in  the  formation  of  one  long  and  one 
short  individual,  the  same  reasoning  will  hold  in  regard  to  the  variabil- 
ity in  total  length. 

B.  Observational  evidence  for  trypanosomes.    It  must  not  be  sup- 
posed, however,  that  our  results  are  based  entirely  on  this  a  priori 
reasoning,  sound  as  it  may  seem.     In  the  experiments  on  T.  lewisi 
in  the  rat  one  can  satisfy  oneself  of  the  general  validity  of  the  con- 
clusions by  an  examination  of  the  slides.    Take,  for  example,  rat  105. 
The  slides  on  the  fourth  day  of  the  infection  contain  many  organisms 
in  the  process  of  division.    These  evidences  of  division  decreased  until 
one  could  never  find  any  but  typical  **  adult  "  trypanosomes,  after 
the  twenty-eighth  day.    In  fact,  our  general  results  in  regard  to  the 
rate  of  reproduction  in  T.  lewisi  have  been  known  for  some  time,  as  is 
shown  by  the  work  of  Minchin   (1912)   and  Minchin  and  Thomson 
(1915).    Previous  investigators  determined  the  length  of  the  multipli- 
cative stage  of  the  infection  by  just  such  an  examination  of  the  slides 
as  we  have  outlined  above.    In  this  connection  Minchin  and  Thomson 
(1915)  say:  **  So  long  as  the  trypanosomes  are  multiplying  in  the  rat  s 
blood,  they  are  of  various  sizes,  some  of  the  ordinary,  normal  size, 
others  very  small,  and  others  again  much  above  the  normal  si2e. 
Marked  variation  in  the  size  of  the  tr>T)anosomes  is  a  sure  sigrn  that 
multiplication  is  proceeding,  even  when  actual  division-stages  are  so 
scarce  in  the  preparation  that  prolonged  search  is  necessary  in  order 
to  find  them.    As  soon  as  the  multiplication  is  ended  the  trypanosomes 
are  all  of  one  type  and  size,  allowing  for  slight  individual  variation^ 
that  are  not  perceptible  without  careful  measurement;  to  such  tr>"' 
panosomes,  the  normal  form  of  T,  leumi  and  the  sole  form  oecurriu^ 
in  the  blood  when  once  the  multiplication  is  at  end,  we  shall  ref^ 
always  as  *  ordinary.^  ^^    We  give  this  quotation  from  Minchin  an 
Thomson  not  only  to  show  that  they  knew  the  general  facts  whiet^ 
we  have  outlined  in  regard  to  the  changes  in  the  rate  of  reproduction^ 
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TABLE  5. 

Mean,  standard  deviation,  arid  coefficient  of  variation  for  total  length,  and  the 

nwnher  of  trypanosomes  per  cmm.  of  blood  at  4  intervaia  dwring 

the  infection  with  T,  rhodesier^e  in  rat  70S, 

Each  statistical  constant  is  based  on  tho  measurement  of  100  individuals, 
400  trypanosomes  having  been  measured  during  this  infection.  See  Fig.  6  for 
graph  of  the  coefficient  of  variation  and  tho  number  of  trypanosomes  per  cmm. 
of  blood. 


Interval  after  injection. 

1  day  20  hrs. 

1 
2  days  20  brs.     3  days  20  brs. 

5  days  20  brs. 

3iean  lensth 

25.733  =t.  159 
2.368  ±.112 
9.20  db.44 

31,000 

26.418 

2.479 

9.38 

• 

198,000 

27.328 
3.284 
12.01 

702,000 

26.196 

^Standard  deviation 

3.238 

Obefficient  of  variation 

-^Tumber  of  Uypanosomes  per 
cmm.  of  blood 

12.36 
3,158,000 

icating  that  the  parasites  multiplied  more  rapidly  at  the  end  of  the 
'"Action  than  at  the  beginning.  We  are,  therefore,  justified  in  con- 
ding  that  not  only  does  the  host  not  build  up  any  resistance  which 
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^W.  6.    Graph  showing  the  coeflScicnt  of  variation  for  total  length   (com- 
parative measure  of  the  rate  of  reproduction)  and  the  number  of  trypanosomes 
per  cinm.  of  blood,  throughout  the  course  of  the  infection  with  T,  rhodesiense  in 
rat  703. 
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these  measurements  into  five  groups  which  correspond  to  the  stages 
in,  what  we  might  call,  the  life-history  of  the  individual  trypinosome. 
The  individuals  are  placed  in  the  separate  groups,  according  to  their 
stage  in   division   as   follows:*    (1)    all   forms   possessing    a   single 
parabasal  body  and  nucleus,    (2)    forms  possessing  two  parabasal 
bodies,  but  a  single  nucleus,  (3)  forms  having  two  parabasal  bodies 
and  the  nucleus  in  the  process  of  division,  (4)  forms  possessing  two 
parabasal  bodies  and  two  nuclei,  but  showing  no  evidence  of  division 
of  the  body,  and  (5)  forms  with  the  body  in  actual  process  of  division. 
It  is  to  be  emphasized  that  the  first  class,  although  it  contains  forms 
which  are  not  dividing,  is  a  very  much  more  heterogeneous  class  than 
the  others,  and  should  show  a  greater  range  of  variation.     This  fol- 
lows from  the  fact  that  it  contains  not  only  ** adult"  forms,  but  the 
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17     18      19      ZO     21     22      23     24     25      26     27      28      29 

LeTic|th  in  Microns 

Fig.  16.  Bar  diagram  showing  the  range  of  variation  in  total  length  between 
sets  of  r.  equiprrdum  which  (1)  show  no  signs  of  division,  (2)  possess  two  para- 
!)asiil  liodies  and  one  undivided  nucleus,  (3)  possess  two  parabasal  bodies  and 
one  nucleus  in  the  process  of  division,  (4)  possess  two  parabasal  bodies  and  two 
nuclei,  and  (o)  show  the  body  in  actual  process  of  division.  The  broken  line 
indicates  the  mean  of  each  group.     For  full  explanation  see  text. 

^  The  260  individuals  do  not  represent  a  rand'^m  sample  of  the  general  popula- 
tion, hut  each  class  is  itself  a  random  sample  of  the  trypanosomes  in  that  stage 
of  division.  In  other  words,  the  number  of  individuals  in  each  class  does  not 
ri'j^iescnt  the  true  proportion  of  the  individuals  in  that  stage  of  division,  Jis 
found  in  a  random  sample  of  the  general  population. 
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Pio.  17.  Diagram  representing  the  probable  course  of  events  in  asexual 
production  in  T.  equiperdum.  This  diagram  is  based  on  the  results  given  in 
e  text  and  in  Fig.  16. 
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rat,  on  May  11,  1921,  at  2:00  P.M.  Organisms  first  demonstrated  in  the  blood  on 
May  13,  at  2:00  P.M.  Bat  was  dead  by  May  25.  Calculations  of  the  coe£Bicient 
of  variation  for  total  length,  based  on  the  measurement  of  100  individuals,  and 
estimations  of  the  number  of  organisms  per  cmm.  of  blood  were  made  9  times 
during  the  course  of  the  infection,  on  the  dates  shown  in  Fig.  8  and  Table  7. 

Incubation  period  was  2  days. 

Duration  of  the  infection  was  approximately  13  ^^  days. 


TABLE  7. 

Mean,  standard  deviation,  and  coefficient  of  variation  for  total  length,  and  the 
number  of  irypanosomes  per  cmm,  of  hlood  at  9  intervrUs  during  the 
^  infection  with  T,  rhodesiense  in  rat  709. 

Each  statistical  constant  is  based  on  the  measurement  of  100  individuals, 
900  tr^'panosomes  having  been  measured  during  this  infection.  See  Fig.  S  for 
graph  of  the  coefficient  of  variation  and  the  number  of  trypanosomes  per  cmm. 
of  blood. 


Interval  after  injcctioD.        I  2  days  22  hrs. 


Mean  length 26.509±.163    26.956 

Standard  deviation j  2.430±.115      3.301 

Coefficient  of  variation  . .    9.16  2b  .44      12.24 
Number  of  trypanosomes 
per  cmm.  of  blood !       88,000       750,000 


5  dasrs  20  hrs.    7  dajrs  1  hr.  |7  dayv  22  hni. 


25.485 
2.934 
11.51 

698,000 


24.489 
2.456 
10.02 


24.744 
2.569 
10.38 


850,000    I    631,000 


Interval  after  injection. 


8  days  21  hrs.  '  9  days  21  hrs.  I  11  days  20  hrs. 


13  days  2  bn>. 


Mean  length '  23.894 

Standard  deviation \  2.259 

Coefficient  of  variation  . .  9.45 
Number  of  trypanosomeS| 

per  cmm.  of  blood 1  956,000 


24.603 
2.432 
9.88 

613,000 


25.445 
2.846 
11.18 

1,867,000 


24,575 
2.665 
10.84 

2,388,000 


This  infection  is  interesting  because  it  lasted  twice  as  long:  as  the 
previous  infections  and  may,  therefore,  grive  us  some  insight  into  why 
some  rats  live  longer  with  an  infection  of  these  pathogenic  tr>'pano- 
somes  than  others.  The  coefficient  of  variation  for  total  length  was 
9.16  per  cent,  on  the  first  day  that  the  parasites  appeared  in  the 
blood,  and  it  stayed  somewhere  in  the  neighborhood  of  10  per  cent,  for 
the  rest  of  the  infection.  We  do  find  that  the  value  on  the  first  de- 
termination (9.16  db  .44)  is  significantly  lower  than  that  at  the  second 
determination  (12.24  =ii  .59).  This  difference  is  3.08  ±  .73  and  is 
about  four  times  its  probable  error.    This  second  determination  is,  how- 


) 


TBYPANOSOME  INFECTIONS   AND  RESISTANCE. 


289 


ever,  the  only  one  which  differs  si^ificantly  from  the  remaining  con- 
stants obtained,  and  we  seem  justified,  .therefore,  in  concluding  that 
the  coeflScient  of  variation  for  total  length,  and,  in  consequence,  the 
rate  of  multiplication  of  the  trypanosomes  remains  constant  through- 
out the  infection. 

Turning  now  to  a  consideration  of  the  changes  in  the  numbers  per 
cmm.,  we  find  a  different  picture  than  in  the  infections  of  shorter  dura- 
tion. During  the  first  days  of  the  infection  the  number  of  parasites 
rose  rapidly  until  it  reached  750,000  per  cmm.  by  the  fifth  day.    In- 
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"FiQ,  8.  Graph  showing  the  coeflScient  of  variation  for  total  length  (com- 
P^J'at.ive  measure  of  the  rate  of  reproduction)  and  the  number  of  trypanosomes 
P^r  cmm.  of  blood,  throughout  the  course  of  the  infection  with  T,  rhodeaiense  in 
rat   709. 

t»^eacl  of  increasing  continuously,  as  in  the  previous  infection,  they 

tV\en  remained  practically  constant  in  number  until  the  tenth  day, 

"^'heii  there  were  613,000  per  cmm.    On  the  tenth  day  they  began  to 

mcrease  again  and  numbered  2,388,000  per  cmm.  shortly  before  the 

death  of  the  host.    We  have,  therefore,  clear  evidence  of  a  resistance 

^ing  developed  between  the  fifth  and  tenth  days  of  the  infection, 

^Vich  was  directed  solely  toward  the  destruction  of  the  parasites, 

and  was  apparently  without  effect  upon  the  rate  of  reproduction  of 
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other  factors  beside  growth  and  reproduction  might  not  influence  the 
coeflBcient  of  variation  for  total  length.    Investigators  working  with 
free-living  species  of  protozoa  have  noted  that  such  things  as  tempera- 
ture, food  supply,  the  addition  of  chemicals  to  the  culture  medium, 
etc.  (see  especially  Erdmann,  1920)  increase  the  variability  in  aze 
of  populations.     Most  of  these  environmental  factors  are  known  to 
affect  the  rate  of  reproduction,  and  it  seems  very  probable  that  their 
effect  on  the  variability  in  size  may  be  due  to  their  effect  •n  the  rate 
of  reproduction.     In  any  event  most  of  these  factors  are  usually  con- 
stant from  day  to  day  for  a  parasite  living  in  mammalian  blood. 

There  are,  however,  other  environmental  factors  which  might  in- 
crease variability  and  size  without  increasing  the  rate  of  reproduction. 
Suppose,  for  example,  that  a  trypanolytic  antibody  is  formed  within 
the  host.  In  killing  the  organisms  this  lysin  might  prodnee  many 
distortions  in  shape  and  size  entirely  independent  of  growth.  In  the 
numerous  cases  presented  in  the  preceding  experiments  where  the 
trypanosomes  suddenly  decreased  in  number  or  disappeared  from  the 
blood,  such  a  trypanolytic  antibody  is  probably  formed  and  yet  in 
none  of  these  cases  is  there  any  evidence  of  an  increase  in  the  coefficient 
of  variation  for  total  length.  The  sudden  rise  of  the  coefficient  of  va- 
riation on  the  tenth  day  in  dog  713  might  be  considered  an  exception  to 
this  statement.  We  do  not  think,  however,  that  this  increase  in  vari- 
ability is  due  to  the  formation  of  a  trypanolytic  antibody  because: 
first,  it  is  the  only  case  of  such  an  increase  among  six  experiments  in 
which  there  is  an  effect  on  the  number  of  trypanosomes  and  in  which, 
presumably,  a  trypanolytic  antibody  is  formed;  and  second,  if  this 
increase  had  been  due  to  a  trypanolytic  antibody,  it  would  have  begini 
when  the  effect  of  the  lytic  agent  first  became  apparent,  i.e.,  on  the 
seventh  day. 

The  production  of  a  trypanolytic  antibody  might  conceivably  nf- 
feci  the  variability  in  size  in  just  the  opposite  direction,  in  that  it 
might  lower  the  coefficient  of  variation  due  to  the  selective  kilh'ng 
of  trypanosomes  of  a  specific  size.     It  might,  for  example,  kill  onlv 
the  young  forms  and  leave  the  ** adults.''     If  such  selective  killing 
occurred,  we  would  not  only  expect  a  decrease  in  the  coefficient  of 
variation,  but  also  a  marked  change  in  the  mean  size.     It  is  evident 
that  the  latter  is  true  because  the  mean  would  be  lowered  or  raiscni 
according  to  whether  the  trypanolytic  antibody  selected  the  large 
*^^(lult"  forms  or  the  small  young  forms.     An  examination  of  th'' 
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data  for  the  pathogenic  forms  reveals  the  fact  that  not  only  is  the 
coefficient  of  variation  for  total  length  constant,  but  the  mean  length 
shows  very  few  changes  throughout  the  course  of  each  infection. 

While  there  is  no  evidence  of  any  selective  action  on  the  part  of 
the  destructive  agent  for  the  pathogenic  trypanosomes,  this  is  not 
as  apparent  in  the  two  infectious  with  T.  lexvisi.  In  these  infections 
we  not  only  find  changes  in  the  coefficient  of  variation  throughout  the 
infection,  but  we  also  find  changes  in  the  mean  length.  Let  us  first 
consider  the  coefficient  of  variation.  During  the  first  part  of  the  in- 
fection, this  rapidly  decreases  in  value.  This  decrease,  however,  can- 
not be  due  to  the  selective  killing  of  the  trypanosomes,  because  by  far 
the  greater  part  of  the  decrease  takes  place  before  the  trypanosomes 
begin  to  disappear  from  the  blood.  The  mean  length  (see  especially 
rat  105)  increases  during  the  first  part  of  the  infection,  but  in  this 
case  the  entire  increase  takes  place  before  the  trypanosomes  begin  to 
disappear.  In  both  cases,  therefore,  the  changes  seem  to  be  independ- 
ent of  the  disappearance  of  the  trypanosomes  from  the  blood,  and, 
therefore,  independent  of  the  action  of  the  trypanolytic  antibody. 
Finally,  in  this  connection,  it  is  well  to  repeat  that  our  conclusions  in 
regard  to  the  rate  of  reproduction  of  T,  lewisi  in  the  rat,  which  were 
drawn  from  a  study  of  the  changes  in  the  coefficient  of  variation  for 
total  length,  have  been  checked  and  verified  by  numerous  direct  obser- 
vations. 

Discussion  of  Results. 

A  brief  discussion  of  some  of  the  fundamental  factors  involved 
in  the  resistance  of  a  host  to  trypanosome  infections,  as  well  as  the 
results  obtained  in  our  work,  will  enable  us  to  understand  more  clearly 
the  conclusions  drawn  in  this  paper.     We  have  used  the  term  resist- 
ance to  denote  collectively  those  factors,  either  active  or  passive,  which 
operate  adversely  against  the   invading  organism.     Our  particular 
interest  in  the  resistance  of  the  host  to  trypanosomes  is  in  that  resist- 
ance which  develops  after  the  organisms  are  established  in  the  host. 
We  have  not  taken  into  consideration  any  of  the  great  questions  of 
the  resistance  of  various  hosts  to  invasion.     Considering  the  former 
type  of  resistance  from  the  logical  standpoint,  it  seems  to  us  evident 
that  this  may  be  divided  into  those  factors  which  tend  to  retard  the 
rate  of  reproduction  of  the  parasite  and  those  which  tend  to  actually 
destroy  them  after  they  are  formed.     Both  of  these  factors  will,  of 
course,  affect  the  number  of  organisms  present  in  the  blood  at  any 


314  W.  H.  TALIAFERRO  AND  L.  O.  TALIAFERRO. 

given  time.  Taking  these  facts  into  consideration  we  have  been  able 
to  differentiate  between  them  hy  making  frequent  determinations  of 
the  number  of  organisms  per  cmm.  of  blood  and  of  the  coefficient  of 
variation  for  total  length,  which  gives  us  a  comparative  measure  of 
the  rate  of  reproduction  of  the  trypanosomes,  regardless  of  the  number 
destroyed  in  consequence  of  resistance.  The  rationale  of  this  general 
procedure  is  given  on  page  267  and  a  discussion  of  the  validity  of  the 
coefficient  of  variation  for  total  length  as  a  comparative  measure  of 
the  rate  of  reproduction  is  given  on  page  305. 

Before  leaving  the  question  of  the  coefficient  of  variation  for  total 
length,  it  is  well  to  call  attention  to  the  fact  that  in  our  tables  we  have 
given  not  only  the  actual  coefficient,  but  the  mean  length  and  standard 
deviation  from  which  the  coefficient  of  variation  was  calculated.  In- 
cidentally, these  tables  contain  some  very  valuable  data  in  regard  to 
the  effect  on  total  length,  of  growing  the  same  strain  of  trypanosomes 
in  different  hosts.  We  will  not  consider  this  question  in  the  present 
study,  but  will  reserve  it  for  a  later  paper. 

Turning  now  to  a  consideration  of  the  resistance  which   a  host 
offers  toward  a  trypanosome  infection  after  the  parasites  have  estab- 
lished themselves,  we  find  that  three  different  conditions  have  been 
brought  out  by  the  preceding  experiments.     In  the  first  place,  the 
highest  grade  of  resistance  was  found  in  the  non-pathogenic  T.  lewisi 
in  the  rat.     Here  the  host  builds  up  an  ever  increasing  resistance 
which  retards  the  rate  of  reproduction  of  the  trypanosomes.     This 
resistance  is  so  pronouncoil  that,  during  the  last  (or  '* adult")  sta«:e 
of  the  infection,   the  parasites   exist   in   the  blood    in   the   so-called 
**adult"    condition,    without    exhibitin^r   any   signs   of   reproduction 
or  growth.     We  also  find  in  this  case  that  just  as  the  resistance  against 
the  rate  of  reproduction  is  reaching  its  climax  (viz.,  10th  day  in  rat 
105),  the  host  suddenl^v  develops  a  resistance  which  destroys  a  majority 
of  the  organisms  in  the  blood.     The  remaining  parasites  live  in  tiit* 
blood  for  varying  lengths  of  time  (sometimes  several  months)  until 
they  are  suddenly  destroyed  as  the  result  of  the  final  resistance  which 
the  host  builds  up  against  them.     After  their  disappearance  from  the 
blood,  the  host  is  immune  to  another  infection  of  T,  lewisi  (see  Laverafl 
ami  Mesnil,  1912).     In  the  second  place,  we  find  just  the  opposite 
condition  of  affairs  in  most  infections  of  rats  and  mice  due  to  patlu>- 
genie*  trypanosomes.     Here    (with  the  exception   of  long  infeetion>, 
such  as  rat  709  and  rat  729)  we  can  find  no  evidence  that  any  resist- 
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ance  is  built  up  either  toward  the  rate  of  reproduction  or  toward  the 
destruction  of  the  parasites,  after  they  are  formed.  Once  the  trypano- 
somes  establish  themselves  in  the  host,  they  reproduce  and  live  in 
the  blood  unmolested.  In  some  cases,  indeed,  there  is  evidence  that 
they  reproduce  more  rapidly  as  the  infection  progresses  (rats  619  and 
703).  In  the  third  place,  we  find  in  the  relapsing  type  of  infection 
(pathogenic  trypanosomes  in  the  dog  and  guinea  pig  and  T,  eqxiinum 
in  the  rat)  that  no  resistance  is  built  up  which  retards  the  rate  of 
reproduction  of  the  trypanosomes,  but  a  resistance  does  arise  which 
destroys  a  large  number  '-f  the  parasites  after  they  are  formed. 

The  fact  that  resistance  in  the  non-pathogenic  T,  leioisi  produces 
two  different  effects  whereas  resistance  in  pathogenic  species  (if 
present  at  all)  produces  only  one  of  these  effects  indicates  that  in  the 
non-pathogenic  forms  there  is  either  an  entirely  different  type  of 
mechanism  of  resistance,  or  that  there  is  a  different  type  of  mechanism 
superimposed  on  the  mechanism  found  in  the  pathogenic  forms.  It 
is  interesting  to  note  that  Miss  Robertson  (1912)  has  brought  forward 
considerable  evidence  to  show  that  in  T.  gamhiense  in  the  monkey 
there  is  an  endogenous  cycle,  in  which  phages  of  active  reproduction 
alternate  with  phases  of  little  or  no  reproduction.  If  this  be  true, 
it  would  indicate  that  this  form  in  the  monkey  encounters  much  the 
same  type  of  resistance  as  1\  lewisi  in  the  rat,  except  that  in  the  latter 
case,  when  reproduction  once  cea.ses  it  never  starts  again.  Miss 
Robertson's  results  indicate  that  T.  gamhiense  in  the  monkey  en- 
counters a  resistance  midway  between  the  type  we  have  described  in 
T.  leicisi  in  the  rat  and  the  pathogenic  species  in  the  guinea  pig. 
Such  a  result  would  not  be  at  all  surprising,  and  with  the  growing 
evidence  that  T.  gamhiense  can  exist  in  certain  mammals  as  a  non- 
pathogenic parasite  it  may  be  possible  to  find  a  host  in  which  this 
trj'panasome  encounters  the  same  ty[)e  of  resistance  as  T,  lewisi  in 
the  rat. 

In  considering  the  resistance  encountered  by  the  pathogenic  try- 
panosomes, the  question  immediately  arises  what  effect  the  develop- 
ment of  a  resistance  has  on  the  time  of  death  of  the  host.  In  the 
case  of  these  trypanosomes  in  the  rat  we  found  one  ease  {T.  rhodesiense 
in  rat  709)  which  stnmgly  suggested  that  the  development  of  a  re- 
sistance tending  to  destroy  the  parasites  actually  prolonged  the  life 
of  the  host.    In  other  words,  there  seems  to  be  a  definite  connection  in 
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rats,  and  probably  mice,  between  the  number  of  organisms  in  the 
blood  and  the  time  of  death  of  the  host.    This  correlation  does  not, 
however,  seem  to  hold  good  when  the  same  trypanosomes  are  grown 
in  the  dog  and  guinea  pig.     In  our  two  experiments  on  dogs,  both 
animals  died  when  the  number  of  trypanosomes  in  the  blood  was 
very  much  less  than  it  was  at  the  peak  of  the  infection.    Of  the  two 
guinea  pigs  one  died  at  a  time  when  the  number  of  trypanosomes  in 
the  blood  was  at  its  maximum  height,  whereas  the  other  died  when  they 
were  comparatively  few  in  number.    Of  course,  we  can  not  say  that 
the  development  of  a  resistance  in  the  latter  hosts  did  not  lengthen 
the  life  of  the  animal.    The  results  themselves,  however,  do  not  reveal 
any  obvious  connection  between  the  two  factors  as  was  suggested  in 
the  case  of  T,  rhodesieiise  in  rat  709. 

In  our  preceding  discussion  we  have  assumed  that  a  disappearance 
of  the  trypanosomes  from  the  peripheral  blood  indicates  that  they 
have  been  actually  destroyed  by  the  host  and  not  that  they  have 
migrated  into  the  tissues.  As  has  already  been  pointed  out,  this  seems 
to  be  a  safe  assumption  to  make,  because  Levaditi  and  Mclntosli 
(1910)  have  demonstrated  the  presence  of  a  trypanolytic  antibody 
after  the  crises  in  such  infections.  Then,  too,  if  the  disappearance 
from  the  blood  were  to  be  explained  by  a  migration  into  the  tissues, 
there  should  be  a  great  many  more  parasites  in  the  tissues  during  the 
period  of  low  blood  infection.  At  the  present  time,  there  is  not  the 
slightest  evidence  that  this  is  true.  The  same  conclusion  was  reached 
by  Miss  Robertson  (1912),  although  on  slightly  different  premises. 
Of  course,  had  we  worked  with  T.  cruzi,  the  condition  of  affairs  would 
have  been  difTereiit,  because  this  trypanosome  shows  an  entirely  differ- 
ent behavior  and  metliod  of  reproduction  than  do  any  of  the  other 
trypanosomes.  In  fact,  the  most  typical  form  of  this  parasite,  in  the 
vertebrate  host,  is  an  almost  true  tissue-inhabiting  Leishmania. 

AVc  feel  that,  in  the  present  work,  we  have  been  able  to  introduce 
a  new  method  of  attack  on  some  of  the  problems  of  resistance.  This 
method,  however,  deals  with  the  effect  of  the  resistance,  and  not  with 
its  wrclnDtisni.  AVliat  niijrht  constitute  the  most  probable  explanation 
of  tlie  olTccts  wliieh  we  liave  observed  would  necessitate  a  lengthy 
discussion.  This,  however,  had  best  wait  until  we  can  do  some  actual 
experimental  work  on  the  question.  We  will  point  out,  however,  that 
the  two  (lifTerent  types  of  resistance  in  T,  leivisi  may  be  connected 
with  tlie  same  fundamental  mechanism. 

In  tlie  future,  we  hope  to  continue  the  study  of  resistance  an-i 
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extend  our  method,  if  possible,  to  other  infections.  It  is  obvious  that 
it  can  not  be  used  unless  accurate  measurements  of  the  size  of  the 
parasites  can  be  made.  This  can  be  done  for  a  number  of  protozoa, 
but  it  is  impracticable  for  most  of  the  bacteria.  It  is  possible,  how- 
ever, that  the  spirochetes  will  lend  themselves  to  this  method  of  attack. 

General  Summary. 

1.  The  conclusions  reached  in  this  paper  are  based  on  the  study  of 
13  experimental  infections  with  trypanosomes,  divided  as  follows: 
T.  leurisi  in  the  rat  (2),  T.  equiperdum  in  the  rat  (1),  T.  eqxnnum 
in  the  rat  (1),  T.  bnicei  in  the  dog  (1),  mouse  (1),  and  guinea  pig 
(1),  and  T.  rhodesiense  in  the  rat  (3),  mouse  (1),  dog  (1),  and 
guinea  pig  (1).  In  the  study  of  these  infections  determinations  of  the 
number  of  trypanosomes  per  cmm.  of  blood  were  made  on  125  days 
and  drawings,  measurements,  and  computations  of  statistical  constants 
were  made  for  114  sets  of  100  trypanosomes  each. 

2.  The  resistance  which  a  host  builds  up  toward  a  trypanosomo 
infection  may  do  one  or  both  of  two  things:  (a)  it  may  retard  the  rate 
of  reproduction  of  the  parasites,  or  (&)  it  may  destroy  the  parasites 
after  they  are  formed. 

3.  These  two  conditions  can  be  differentiated  by  ascertaining:  (a) 
the  changes  in  the  number  of  parasites  per  cmm.  of  blood,  supple- 
mented by  (b)  the  changes  in  the  coefficient  of  variation  for  total 
length  of  the  trypanosomes,  which  gives  a  comparative  measure  of 
their  rate  of  reproduction,  irrespective  of  tlie  number  destroyed  in 
consequence  of  the  resistance.  These  two  determinations  differenti- 
ate between  the  two  typos  of  resistance  because: 

The  number  of  trypanosomes  per  cmm.  of  blood  ^^  the  number  pro- 
duced by  reproduction  of  tlie  parasites  —  tlie  number  destroyed 
in  consequence  of  the  resistance. 

4.  The  validity  of  the  coeflfieient  of  variation  for  total  length,  as  a 
measure  of  the  rate  of  reproduction  of  trypanosomes,  is  discussed  in 
detail  on  page  305.  Its  great  value  lies  in  the  fact  that  it  measures 
the  rate  of  reproduction  irrespective  of  tlie  number  destroyed  by  the 
resistance. 

5.  Three  conditions  have  been  found  in  regard  to  the  resistance  to 
trj'panosome  infections. 

(a)  In  the  non-pathogenic  T.  hwisi  in  tlie  rat,  there  is  a  resistance 
built  up  which  is  directed  both  toward  a  retardation  of  the  rate  of 
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reproduction  of  the  parasites,  and  toward  their  actual  destruction 
after  they  are  formed  (rats  105  and  116). 

(&)  In  the  continuous  infections:  T.  rhodes^iense  (with  the  excep- 
tion of  the  long  infection  in  rat  709),  T.  hruce%  T.  equiperdurti  in 
the  rat,  and  T.  hrucei  and  T.  rhodesiense  in  the  mouse,  there  is  no 
evidence  of  any  resistance  being  built  up,  either  toward  the  rate  of 
reproduction  or  toward  the  destruction  of  the  parasites,  after  they 
are  formed.     In  two  of  these  infections  (rat  619  and  rat  703),  there  is 
some  evidence  that  the  rate  of  reproduction  of  the  parasites  increases, 
as  the  infection  progresses  (rats  703,  705,  709,  and  619,  and  mice  72S 
and  724). 

(c)  In  the  relapsing  infections:  T.  equinum  in  the  rat,  T.  rhode- 
siense  and  T.  brucei  in  the  dog  and  guinea  pig,  the  host  builds  up  a 
resistance  directed  toward  a  destruction  of  the  parasites,  after  they 
are  formed,  but  it  does  not  aflfeet  the  rate  of  reproduction  of  the  re- 
maining parasites  (rat  729,  dogs  713  and  714,  and  guinea  pigs  719 
and  721). 
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Introduction. 

In  one  of  his  early  papers  on  human  giardiasis  Grassi  (1881)  ex- 
pressed the  opinion  that  the  infestation  of  man  was  in  all  probability 
brought  about  by  the  ingestion  of  food  contaminated  with  the  feces 
of  correspondingly  infested  rodents.     He  was  led  to  this  concliisiott 
by  the  discovery  of  organisms  in  the  common  house  mouse  {M^ 
mv^culus),  the  black  rat  {Miis  rattus),  the  Norwegian  rat  {Mus  de^ 
manus),  the  meadow  mouse  {Arvicola  arvcUis)  and  the  wood  moufl* 
(Arvicola  silvestris),  which  he  evidently  regarded  as  identical  wi*^*^ 
those  occurring  in  the  human  being.     He  also,  found  giardias  in  ea^ 
dogs,  sheep  and  rabbits,  but  apparently  did  not  regard  these  as  mpc^^ 
tant  agents  in  the  production  of  the  human  infestation.    He  mentio^^ 
particularly  that  cats  are  rarely  infested,  but  makes  no  stateme: 
regarding  the  frequency  of  the  occurrence  of  the  parasite  in  dog 
sheep  and  rabbits.     His  belief  that  the  rodents  in  question  are 
sponsible  for  the  human  infestation  is  based  upon  the  frequency  ^^^^ 


the  infestation  of  these  animals  and  the  common  custom  among  tl 
peasants  of  northern  Italy  of  keeping  their  bread  in  open  granan^ 
where  rats  and  mice  have  ready  access  to  it  and  can  contaminate  ^ 
with  their  feces.     He  mentions  that  he  has  frequently  noted  th^ 
himself. 

The  doctrine  that  the  human  infestation  is  probably  of  rod^ 
origin  has  been  handed  down  in  the  text-books,  ever  since,  notwit'*' 
standing  the  fact  that  no  proof  of  the  identity  of  the  forms  found  ^ 
man  and  those  occurring  in  animals,  nor  indeed  of  the  animal  fortf^- 
amongst  each  other,  has  ever  been  adduced.     The  entire  problem  (^ 
giardiasis  in  the  human  being  has,  indeed,  received  but  scant  attentiot^ 

*  From  the  Department  of  Medical  Zoology  of  the  School  of  Hygiene  and 
Public  Health  of  the  Johns  Hopkins  University. 

The  present  paper  is  the  first  of  a  series  which  the  writer  is  about  to  present 
on  the  general  subject  of  Giardiasis. 
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While  the  eoefl&eient  of  variation  for  total  length  is  as  valuable  an 
indicator  of  the  rate  of  reproduction  in  the  pathogenic  forms  as  in 
T.  lewisiy  it  is  interesting  to  note  that  the  actual  changes  in  total 
length  resulting  from  division  are  somewhat  different  in  the  two  cases. 
The  foregoing  evidence  indicates  that  in  the  pathogenic  trypanosome, 
T,  equiperdnm,  once  an  organism  has  grown  to  its  *' adult'*  size,  it 
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Fio.  18.    Frequency   polygon   sho>ving  the  variation   of   those  forms  which 
^hovr  no  signs  of  division,  and  which  include  forms  of  all  ages  (solid  line),  as 
<?oni pared  with   those   actually   in  the  process  of   division  which  are   ** adults*' 
(bi-dken  line). 


doe?:s  not  increase  appreciably  in  length  during  the  actual  process  of 
^i^v^ision.  The  higher  variability  resulting  from  division  is  due  chiefly 
^  ^^owth  of  young  forms.  In  T,  Jetvm  we  not  only  have  this  factor, 
^^"t:  the  ** adult''  trypanosomes  apparently  increase  in  length  just 
'''^^^r  to  division.  That  this  is  true  is  indicated  by  a  comparison  of 
^^^^>ci.ples  A  and  B  in  Fig.  1.  Here  it  can  be  seen  that  one  of  the  in- 
^"^^i  duals  in  the  rapidly  reproducing  population  is  considerably  longer 
^^•xn  any  of  the  ** adult"  forms  from  the  non-reproducing  population. 
C  Other  factors  besides  growth  and  reproduction  which  might 
^^ct  the  variability  in  size*     The  question  might  be  raised  whether 

*We  have  shown  elsewhere   (Taliaferro,  1921  h)   that  passage  of  T.  lewisi 

^^^^'Ogh  the   invertebrate   host    (in   contradistinction   to   direct   passage   through 

*^    Vertebrate  host)  increases  variability,  and  that  this  increase  in  variability  is 

^*    due  to  any  phenomenon  of  growth.     This,  however,  has  no  bearing  on  the 

vt^%ent  paper  where  all  work  was  done  with  trypanosomes  in  the  vertebrate  host. 
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rodents,  under  the  name  DimorphiLs  muris.  He  expressed  the  opinion 
that  this  organism  was  identical  with  one  which  he  had  encountered 
a  short  while  before  in  the  human  being.  Two  years  later  (1881)  he 
abandoned  the  term  Dimorphus  muris  and  named  the  parasite  Mega- 
stoma  entericum.  Biitschli  (1886)  in  reviewing  the  taxonomic  status 
of  the  organism  subsequently  changed  this  to  Megctstoma  intestindis, 
while  Blanchard  (1888)  suggested  the  name  Lamblia  intestinalis  to 
commemorate  the  name  of  its  actual  discoverer.  Stiles  (1902)  still 
later  changed  Blanchard 's  species  name  to  duodenalis.  Kofoid  (1915) 
finally  proposed  the  name  Oiardia  lamblia  Stiles  in  lift,  for  the  same 
form,  and  still  more  recently  (1920)  changed  this  to  Oiardia  enterica, 
which,  according  to  the  rules  of  nomenclature,  would  be  correct,  pro- 
viding that  the  mammalian  genus  Giardia  is,  indeed,  identical  with 
that  originally  described  in  tadpoles,  and  to  which  Kiinstler  in  1882 
and  1883  first  ^applied  the  name  Oiardia.^ 

Historical  survey  op  the  evolution  op  our  knowledge  op  thi 

morphology  op  glardia  enterica. 

(a)  The  trophozoite. 

It  should  be  stated  in  advance  that  up  to  the  year  1908,  when 
Bensen  first  questioned  the  identity  of  the  human  and  the  animal 
forms  of  Giardia,  those  studies  which  dealt  with  the  morphology  of 
the  organism  in  greater  detail,  like  that  of  Grassi  and  Schewiakott 
(1888),  Metzner  (1901)  and  Wenyon  (1907),  had  reference  to  animal 
forms  exclusively,  and  the  writers  evidently  assumed  that  these  were 
identical  with  the  human  form. 

Our  knowledge  of  the  structure  of  the  human  type,  up  to  the  yea"* 
1908,  was  based  entirely  upon  relatively  inadequate  studies  of  i^ 
organism  on  the  part  of  various  clinicians.  From  these  it  was  al^ 
parent  that  Giardia  enierica  was  without  a  doubt  closely  related 
the  organisms  described  by  Grassi  and  Schewiakoff,  Metzner  zS^  ^ 
Wenyon.  No  detailed  description  based  on  more  modem  methods  ^ 
investigation  was  given,  however,  until  1908,  in  which  year  Bohl^ 
and  V.  Prowazek  published  the  first  account  of  the  structure  of  tl*- 

*  In  a  recent  contribution  entitled  Gyc^rdick-LaTribvi  by  F.  R^uling  and  ^' 
Rodonwaldt  (Arch.  f.  Protist,  1921,  XLII,  337-345)  the  writers  discuss  the  t^^' 
idity  of  suppressing  the  genus  name  Lfamblia,  as  being  synonymous  with  Giardi^' 
They  conclude  that  there  is  no  suflScient  basis  for  regarding  the  two  as  separa^^ 
genera,  but  that  it  might  be  justifiable  to  create  two  subgenera,  under  the  genu^ 
Giardia,  viz.,  Subgenus   Giardia  8.  sir.  and  subgenus  Lamblia. 
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To  sum  up,  then,  the  results  from  both  guinea  pigs  indicate  that 
the  partial  or  complete  disappearance  of  the  trypanosomes  from  the 
blood  is  associated  with  their  actual  destruction  by  the  host,  rather 
than  with  any  retardation  or  inhibition  of  their  reproductive  rate. 

These  two  guinea  pig  infections  bring  out  a  point  which  is  often 
observed  in  the  laboratory,  namely,  that  the  death  of  the  guinea  pigs 
is  apparently  not  dependent  upon  the  actual  number  of  organisms 
per  cmm.  of  blood.    The  death  of  the  guinea  pig  may  occur  when  the 
number  of  the  organisms  is  at  the  highest  point  (pig  721)  or  it  may 
occur  when  the  organisms  are  comparatively  very  few  in  number  and 
are  actually  disappearing  from  the  blood  (pig  719).    The  same  con- 
dition of  affairs,  as  we  have  already  pointed  out,  holds  for  the  dog, 
l)ut  it  is  not  true  for  the  rat  or  mouse.     In  the  last  two  animals, 
c3eath  always  ocfiurs  when  the  trypanosomes  are  most  plentiful  in  the 
Jblood,  and  apparently  never  takes  place  until  the  host  is  suffering  from 
an  exceedingly  high  grade  of  blood  infection. 


i:  Coefficient  of  Variation  for  Size  as  a  Comparative  Measure 

OF  the  Rate  of  Reproduction. 

In  the  Introduction  we  gave  a  short  account  of  the  fundamental 

55  is  for  using  the  coefficient  of  variation  for  some  factor  involving 

as  a  comparative  measure  of  the  rate  of  reproduction  or  growth. 

^^^    also  pointed  out  its  obvious  advantage,  viz.,  that  it  enabled  us  to 

est;  i  mate  the  rate  of  reproduction,  even  though  most  of  the  individuals 

J'^S'ui.lting  from  this  reproduction  were  killed.     In  other  words,  it  is 

^^^^^pendent  of  numbers  as  long  as  we  can  measure  enough  individuals 

*^^  ^CDrm  a  sample  of  suitable  size  for  statistical  analysis.    In  presenting 

t*ie      preceding  data  we  have  assumed  that  it  was  a  valid  method  for 

trie     estimation  of  the  rate  of  reproduction  of  the  trypanosomes.    The 

^^"t^l^lighment  of  its  validity,  however,  is  so  fundamental  from  the 

^  ^'^"•^dpoint  of  the  present  work  that  it  seems  advisable  to  discuss  it 

^^^iii  in  this  place.     Such  a  discussion  can  be  taken  up  under  sev- 

^^^^    heads. 

--4.  Ratiojiale  of  its  tise.    As  has  already  been  pointed  out,  it  is 

^^^^ectly  clear  from  an  a  priori  standpoint  that  reproduction  with 

^^  production  of  young  forms  and  consequent  series  of  growth  stages 

^^^t  necessarily  increase  the  coefficient  of  variation  for  size.    Further- 

^^X'e,  it  is  also  evident  that  this  increase  in  variability  is  more  or  less 

Proportional  to  the  rate  of  the  production  of  young  forms,  or,  in  other 

^ordrf^  to  the  rate  of  reproduction.     This  reasoning  should  be  valid 


K^ 
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given  time.  Taking  these  facts  into  consideration  we  have  heen  able 
to  differentiate  between  them  hy  making  frequent  determinations  of 
the  number  of  organisms  per  emm.  of  blood  and  of  the  coefficient  of 
variation  for  total  length,  which  gives  us  a  comparative  measure  of 
the  rate  of  reproduction  of  the  trypanosomes,  regardless  of  the  number 
destroyed  in  consequence  of  resistance.  The  rationale  of  this  general 
procedure  is  given  on  page  267  and  a  discussion  of  the  validity  of  the 
coefficient  of  variation  for  total  length  as  a  comparative  measure  of 
the  rate  of  reproduction  is  given  on  page  305. 

Before  leaving  the  question  of  the  coefficient  of  variation  for  total 
length,  it  is  well  to  call  attention  to  the  fact  that  in  our  tables  we  have 
given  not  only  the  actual  coefficient,  but  the  mean  length  and  standard 
deviation  from  which  the  coefficient  of  variation  was  calculated.  In- 
cidentally, these  tables  contain  some  very  valuable  data  in  regard  to 
the  effect  on  total  length,  of  growing  the  same  strain  of  trypanosomes 
in  different  hosts.  We  will  not  consider  this  question  in  the  present 
study,  but  will  reserve  it  for  a  later  paper. 

Turning  now  to  a  consideration  of  the  resistance  which  a  host 
offers  toward  a  trypanosome  infection  after  the  parasites  have  estab- 
lished themselves,  we  find  that  three  different  conditions  have  been 
brought  out  by  the  preceding  experiments.     In  the  first  place,  the 
highest  grade  of  resistance  was  found  in  the  non-pathogenic  T,  Uip^^^ 
in  the  rat.     Here  the  host  builds  up  an  ever  increasing  resistance 
which  retards  the  rate  of  reproduction  of  the  trypanosomes.    This 
resistance  is  so  pronounced  that,  during  the  last  (or  *' adult")  stage 
of  the   infection,   the  parasites   exist   in  the  blood   in   the  so-called 
** adult''    condition,    without    exhibitincr   any   signs   of   reproduction 
or  growth.     We  also  find  in  this  case  tliat  just  as  tlie  resistance  against 
the  rate  of  reproduction  is  reaching  its  climax  (viz.,  10th  day  in  rat 
105),  the  host  suddcnl^y  develo[)s  a  resistance  which  destroys  a  majority 
of  the  organisms  in  the  blood.     The  remaining  parasites  live  in  the 
blood  for  varying  lengths  oT  time  (sometimes  several  months')   until 
they  are  suddenly  destroyed  as  the  result  of  the  final  resistance  which 
the  host  builds  up  against  them.     After  their  disappearance  from  i\\^ 
blood,  tli(^  host  is  immune  to  another  infection  of  T.  lewisi  (see  Laveran 
and  Mesnil,  1912).     In  the  second  place,  we  find  just  the  opposite 
condition  of  affairs  in  most  infections  of  rats  and  mice  due  to  patho- 
genic trypanosomes.     Here    (with  the  exception   of  long   infection^. 
such  as  rat  709  and  rat  729)  we  can  find  no  evidence  that  anv  resist- 
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ance  is  built  up  either  toward  the  rate  of  reproduction  or  toward  the 
destruction  of  the  parasites,  after  they  are  formed.  Once  the  trypano- 
somes  establish  themselves  in  the  host,  they  reproduce  and  live  in 
the  blood  unmolested.  In  some  cases,  indeed,  there  is  evidence  that 
they  reproduce  more  rapidly  as  the  infection  progresses  (rats  619  and 
703).  In  the  third  place,  we  find  in  the  relapsing  type  of  infection 
(pathogenic  trypanosomes  in  the  clog  and  guinea  pig  and  T.  equinum 
in  the  rat)  that  no  resistance  is  built  up  which  retards  the  rate  of 
reproduction  of  the  trypanosomes,  but  a  resistance  does  arise  which 
destroys  a  large  number  '^f  the  parasites  after  they  are  formed. 

The  fact  that  resistance  in  the  non-pathogenic  T.  lewisi  produces 
two  different  effects  whereas  resistance  in  pathogenic  species  (if 
present  at  all)  produces  only  one  of  these  effects  indicates  that  in  the 
non-pathogenic  forms  there  is  either  an  entirely  different  type  of 
mechanism  of  resistance,  or  that  there  is  a  different  type  of  mechanism 
superimposed  on  the  mechanism  found  in  the  pathogenic  forms.  It 
is  interesting  to  note  that  Miss  Robertson  (1912)  has  brought  forward 
considerable  evidence  to  show  that  in  T,  gamhiense  in  the  monkey 
there  is  an  endogenous  cycle,  in  which  phases  of  active  reproduction 
alternate  with  phases  of  little  or  no  reproduction.  If  this  be  true, 
it  would  indicate  that  this  form  in  the  monkey  encounters  much  the 
same  type  of  resistance  as  T.  lewisi  in  the  rat,  except  that  in  the  latter 
case,  when  reproduction  once  ceases  it  never  starts  again.  Miss 
Robertson's  results  indicate  that  T.  gamhiense  in  the  monkey  en- 
counters a  resistance  midway  between  the  type  we  have  described  in 
T.  lewisi  in  the  rat  and  the  pathogenic  species  in  the  guinea  pig. 
Such  a  result  would  not  be  at  all  surprising,  and  with  the  growing 
evidence  that  T,  gamhiense  can  exist  in  certain  mammals  as  a  non- 
pathogenic parasite  it  may  be  possible  to  find  a  host  in  which  this 
trypana«^ome  encounters  the  same  ty[)e  of  resistance  as  T.  lewisi  in 
the  rat. 

In  considering  the  resistance  encountered  by  the  pathogenic  try- 
panosomes, the  question  immediately  arises  what  effect  the  develop- 
ment of  a  resistance  lias  on  the  time  of  death  of  the  host.  In  the 
case  of  these  trypanosomes  in  the  rat  we  found  one  case  (T.  rhodesiense 
in  rat  709)  which  stronoly  suggested  that  the  development  of  a  re- 
sistance tending  to  destroy  the  parasites  actually  prolonged  the  life 
of  the  host.    In  other  words,  there  seems  to  be  a  definite  connection  in 


316  W.  H.  TALIAFERRO  AND  L.  G.  TALIAFERRO, 

rats,  and  probably  mice,  between  the  number  of  organisms  in  the 
blood  and  the  time  of  death  of  the  host.  This  correlation  does  not, 
however,  seem  to  hold  good  when  the  same  trypanosomes  are  grown 
in  the  dog  and  guinea  pig.  In  our  two  experiments  on  dogs,  both 
animals  died  when  the  number  of  trypanosomes  in  the  blood  was 
very  much  less  than  it  was  at  the  peak  of  the  infectioii.  Of  the  two 
guinea  pigs  one  died  at  a  time  when  the  number  of  trypanosomes  in 
the  blood  was  at  its  maximum  height,  whereas  the  other  died  when  they 
were  comparatively  few  in  number.  Of  course,  we  can  not  say  that 
the  development  of  a  resistance  in  the  latter  hosts  did  not  lengthen 
the  life  of  the  animal.  The  results  themselves,  however,  do  not  reveal 
any  obvious  connection  between  the  two  factors  as  was  suggested  in 
the  case  of  T,  rhodesiense  in  rat  709. 

In  our  preceding  discussion  we  have  assumed  that  a  disappearance 
of  the  trv'panosomes  from  the  peripheral  blood  indicates  that  they 
have  been  actually  destroyed  by  the  host  and  not  that  they  have 
migi-ated  into  the  tissues.  As  has  already  been  pointed  out,  this  seems 
to  be  a  safe  assumption  to  make,  because  Levaditi  and  Mcintosh 
(1910)  have  demonstrated  the  presence  of  a  trypanolytic  antibody 
after  the  crises  in  such  infections.  Then,  too,  if  the  disappearance 
from  the  blood  were  to  be  explained  by  a  migration  into  the  tissues, 
there  should  be  a  great  many  more  parasites  in  the  tissues  during  the 
period  of  low  blood  infection.  At  the  present  time,  there  is  not  the 
slightest  evidence  that  this  is  true.  The  same  conclusion  was  reached 
by  Miss  Robertson  (1912),  although  on  slightly  different  premises. 
Of  course,  had  we  worked  with  T.  cruzi,  the  condition  of  affairs  w^ouM 
have  been  different,  because  this  trypanosome  shows  an  entirely  differ- 
ent behavior  and  method  of  reproduction  than  do  any  of  the  other 
trypanosomes.  In  fact,  the  most  typical  form  of  this  parasite,  in  the 
vertebrate  host,  is  an  almost  true  tissue-inhabiting  Leishmania. 

We  feel  that,  in  the  present  work,  we  have  been  able  to  introduce 
a  new  method  of  attack  on  some  of  the  problems  of  resistance.  This 
method,  however,  deals  with  the  effect  of  the  resistance,  and  not  with 
its  tp(ch(inism.  What  mi^ht  constitute  the  most  probable  explanation 
of  tlio  effects  which  we  liave  observed  would  necessitate  a  lenjrthv 
discussion.  This,  however,  had  best  wait  until  we  can  do  some  actual 
cxpci'imental  work  on  the  question.  We  will  point  out,  however,  that 
the  two  diffeient  types  of  resistance  in  T.  leivisi  may  be  connect  el 
with  the  same  fundamental  mechanism. 

In  tlic  future,  we  hope  to  continue  the  study  of  resistance  an-l 
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extend  our  method,  if  possible,  to  other  infections.  It  is  obvious  that 
it  can  not  be  used  unless  accurate  measurements  of  the  size  of  the 
parasites  can  be  made.  This  can  be  done  for  a  number  of  protozoa, 
but  it  is  impracticable  for  most  of  the  bacteria.  It  is  possible,  how- 
ever, that  the  spirochetes  will  lend  themselves  to  this  method  of  attack. 

General  Summary. 

1.  The  conclusions  reached  in  this  paper  are  based  on  the  study  of 
13  experimental  infections  with  trj'^panosomes,  divided  as  follows: 
T.  lemisi  in  the  rat  (2),  T,  equiperdum  in  the  rat  (1),  T.  equinum 
in  the  rat  (1),  T,  hrucei  in  the  dog  (1),  mouse  (1),  and  guinea  pig 
(1),  and  T.  rhodesiense  in  the  rat  (3),  mouse  (1),  dog  (1),  and 
guinea  pig  (1).  In  the  study  of  these  infections  determinations  of  the 
number  of  trypanosomes  per  cmm.  of  blood  were  made  on  125  days 
and  drawings,  measurements,  and  computations  of  statistical  constants 
were  made  for  114  sets  of  100  trypanosomes  each. 

2.  The  resistance  which  a  host  builds  up  toward  a  trypanosomo 
infection  may  do  one  or  both  of  two  things:  (a)  it  may  retard  the  rate 
of  reprocluction  of  the  parasites,  or  (h)  it  may  destroy  the  parasites 
after  they  are  formed. 

3.  These  two  conditions  can  be  differentiated  by  ascertaining:  (a) 
tlie  changes  in  the  number  of  parasites  per  cmm.  of  blood,  supple- 
mented by  (6)  the  changes  in  the  coefficient  of  variation  for  total 
length  of  the  trypanosomes,  which  gives  a  comparative  measure  of 
their  rate  of  reproduction,  irrespective  of  the  number  destroyed  in 
consequence  of  the  resist^mce.  These  two  determinations  differenti- 
ate between  the  two  types  of  resistance  because: 

The  number  of  tr\-panosomes  per  cmm.  of  blood  ==  the  number  pro- 
duced by  reproduction  of  the  parasites  —  tlie  number  destroyed 
in  consequence  of  the  resistance. 

4.  The  validity  of  the  coefficient  of  variation  for  total  length,  as  a 
measure  of  the  rate  of  reproduction  of  trypanosomes,  is  discussed  in 
detail  on  page  305.  Its  great  value  lies  in  the  fact  that  it  measures 
the  rate  of  reproduction  irrespective  of  the  number  destroyed  by  the 
resistance. 

5.  Three  conditions  have  been  found  in  regard  to  the  resistance  to 
trypanasome  infections. 

(a)  In  the  non-pathogenic  T.  leivisi  in  the  rat,  there  is  a  resistance 
built  up  which  is  directed  both  toward  a  retardation  of  the  rate  of 
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In  Plate  XXIII,  Fig.  4,  finally  the  writer  has  reproduced  one  of  a 
pair  of  dividing  organisms,  pictured  by  Wenyon  and  O  'Connor  in  their 
monograph  on  **Human  Intestinal  Protozoa  in  the  Near  East"  (1917) 
which  will  give  an  idea  of  the  structure  of  the  organism  as  they  con- 
ceived it  to  be,  though  they  give  no  detailed  description. 

(6)  The  encysted  form. 

While  both  Lambl  and  Qrassi  probably  saw  the  cysts  of  the  human 
Giardia  in  their  preparations,  they  evidently  did  not  recognize  their 
relation  to  the  vegetative  form.  The  credit  for  having  established 
this  for  the  first  time  belongs  to  Perroncito  (1887).  He  states  that 
he  found  that  the  vegetative  forms  predominated  in  the  stools  of  his 
patients  when  there  was  diarrhoea,  while  cysts  only  were  found  when 
there  was  constipation.  He  does  not  give  a  detailed  description  of 
the  cysts  and  evidently  did  not  study  any  stained  specimens.  He 
merely  states  that  *'the  little  bodies  which  are  round  or  oval  show 
distinctly  cellular  contents,  amongst  which  a  flagellum  can  be  dis- 
cerned." As  measurements  he  gives  17  fi  for  the  length  and  10  to  12/* 
for  the  breadth.  He  claims  that  in  soft  stools  the  organisms  may  be 
found  in  various  stages  of  encystment.  Regarding  the  significance 
of  the  process  of  encystment  he  concludes  that  the  cysts  are  destined  to 
keep  the  parasites  alive  and  to  bring  about  their  dissemination. 

The  cysts  have  subsequently  been  mentioned  by  practically  all  ob- 
servers who  have  come  in  contact  with  cases  of  giardiasis,  but  no 
attempt  to  study  their  morphology  in  detail  was  undertaken  until 
Rodenwaldt  did  so  in  1912. 

Salomon  (1899),  however,  noted  the  presence  of  1  to  3  slightly 
curved  lines  and  near  their  origin  small  nuclear  structures  in  addition 
to  certain  sickle  shaped  markings. 

V.  Prowazek  (1908)  recognized  that  within  the  cyst  the  organism 
undergoes  binary  division,  the  resulting  individuals  subsequently 
becoming  twisted  so  as  to  lie  in  opposite  directions  to  each  other.  He 
and  Schaudinn  are  responsible  for  the  doctrine  that  a  copulation 

under  this  in  their  forward  course.  This  conception  of  the  course  of  the  peri- 
stomal fibril  is  diagrammatieally  represented  in  an  illustration  which  accompaniw 
the  article.  He  has  evidently  abandoned  the  view  that  this  fibril  starts  from  an 
outer  pair  of  basal  granules.  In  this  respect  the  writer  agrees  with  Roden- 
waldt, but  he  would  emphasize  that  he  has  never  seen  any  appearances  which 
would  suggest  that  in  adult  organisms  at  any  rate  the  fibril  in  question  is  con- 
tinuous in  its  posterior  half  and  that  the  axostyles  and  postero -lateral  flagella 
pass  beneath  it. 
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process  takes  place  in  some  of  the  cysts  (copulation  cysts),  v.  Prowa- 
zek  thus  states  **  Occasionally  it  was  noted  that  two  individuals  had 
come  into  apposition  and  had  secreted  a  cyst  wall.''  The  four 
nuclei  divided  once  more  and  the  resultant  products  emerged  from  the 
peristomal  border  which  was  visible  within  the  cyst  in  the  form  of  two 
strongly  curved  lines.  Subsequent  changes  could  not  be  followed 
with  certainty.  Bensen's  account  of  cyst  formation  (1908)  was 
evidently  influenced  by  that  of  v.  Prowazek  and  Schaudinn.  He 
states  the  following:  **Cyst  formation  proceeds  in  such  manner  that 
two  individuals  come  into  ventral  apposition  and  then  encyst.  Within 
the  cyst  they  loose  their  flagella  and  a  union  of  the  nuclei  results. 
Further  changes  have,  however,  not  been  observed.''  He  regarded 
these  copulation  cysts  with  two  nuclei  as  characteristic  of  the  human 
form.  Noc  (1909)  states  that  he  was  unable  to  observe  either  copu- 
lation or  autogamy  in  the  cysts.  He  points  out  that  nuclear  division 
within  the  cyst  is  not  necessarily  limited  to  the  binary  type,  but  may 
terminate  in  multiple  division  with  a  corresponding  division  of  the 
cytoplasm.  His  subsequent  account  of  what  occurs  is,  however, 
somewhat  confused  and  his  illustrations  are  unfortunately  so  crude 
that  they  do  not  aid  in  the  elucidation  of  his  meaning.  The  **  corps 
enigmatique"  according  to  Noc  undergoes  longitudinal  cleavage  within 
the  cyst  and  **one  asks  oneself  whether  the  resulting  chromatin 
filaments  may  not  serve  to  regenerate  the  posterior  flagella  of  the 
daughter  giardias  within  the  cyst." 

Rodenwaldt  (1912),  as  I  have  stated,  has  given  the  first  detailed 
account  of  the  structure  of  the  human  cysts.  Concerning  the  ex- 
istence of  copulation  and  autogamy  cysts,  as  described  by  earlier 
.writers,  he  thinks  that  such  an  assumption  ** seems  somewhat  audacious 
in  view  of  the  imperfect  illustrations  which  have  been  furnished." 
He  himself  is  willing  to  admit  only  * '  that  he  has  evidence  of  division 
into  two."  **Some  of  the  earlier  stages  of  division,"  as  he  has  seen 
them,  **  resemble  the  pictures  of  autogamy  cysts  of  various  observers 
and  some  of  the  more  advanced  stages  the  so-called  copulation  cysts." 
An  outline  of  Rodenwaldt 's  own  findings  follows:  Cyst  formation  is 
preceded  by  the  appearance  of  a  dense  layer  of  fine  granules  beneath 
the  arched  dorsal  surface;  at  the  same  time  this  latter  increases  in 
size.  The  dorsal  portion  of  the  animal  extends  ventrally  over  the 
sides,  with  the  result  that  the  contents  of  the  peristome  become  folded 
in  more  and  more.  Rodenwaldt  assumes  that  the  cyst  wall  is  formed 
from  the  granules  just  mentioned,  because  they  disappear  completely 
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•with  the  completion  of  the  process  of  encystment.  Inside  of  the 
denser  outer  covering  there  is  in  every  cyst  a  broad,  light,  non-stain- 
ing layer  which  probably  represents  a  soft  plasmatic  covering  of  the 
organism  within.  In  young  cysts  one  can  clearly  see  two  nuclei 
and  between  them  the  arrangement  of  the  basal  granules  with  their 
fibrillar  apparatus,  with  the  exception  of  the  periostomal  fibril  which 
has  become  separated  and  is  curled  into  a  dense  skein  whose  individual 
loops,  when  viewed  in  a  single  plane,  only  at  times  appear  in  the 
form  of  separate  arched  or  clasp-like  bodies.  This  entire  mass  tends 
to  sag  to  the  posterior  pole.  The  decussation  of  the  anterior  flagella 
is  at  this  stage  still  distinct  while  the  other  flagella  are  located  toward 
the  other  pole  and  often  cross  each  other.  The  **eigenartige  Korper" 
assumes  a  fore  and  aft  position  and  seems  to  divide  into  two  long  com- 
pact rods.  Rodenwaldt  suggests  that  these  may  possibly  serve  to 
direct  the  two  new  nuclei  which  result  from  the  division  of  the  original 
pair,  toward  the  posterior  pole,  where  they  are  later  found.  After 
that  phase  has  been  reached  the  **eigenartige  Korper"  disappears  and 
reappears  only  when  the  young  animal  has  matured  to  a  certain  stage 
(see  Plate  XXIV,  Figs.  1^). 

Immediately  following  encystment  the  division  of  the  nuclei  be- 
gins, during  which  process  the  chromatin  breaks  up  into  a  larger 
number  of  fragments  than  were  present  originally.  Rodenwaldt 
states  that  he  was  unable  to  count  the  exact  number.  During  these 
stages  of  the  process  the  basal  granules  of  each  side  (it  will  be  remem- 
bered that  Rodenwaldt  pictures  and  describes  four)  move  together  so 
closely  that  each  pair  appears  like  a  single  granule.  Cysts  of  this 
type  are  the  most  common  and  when  seen  from  the  side  have  no  doubt 
given  rise  to  the  idea  of  copulating  organisms. 

As  the  new  set  of  nuclei  moves  to  the  opposite  pole  they  take  with 
them  a  set  of  flagella.  During  this  process  the  cyst  assumes  a  roundish 
form.  After  the  migration  has  been  completed  there  is  a  return 
to  the  oval  form.  At  the  same  time  the  dense  skein  of  the  perinuclear 
fibril  splits  into  two  and  the  two  skeins  move  apart  (Plate  XXIV.  Figs. 
1—1).  The  actual  process  of  excystraent  Rodenwaldt  was  not  able  to 
observe.  Occasionally  he  met  with  cysts  which  were  evidently  de- 
generating and  in  which  larger  masses  of  chromatin  could  be  dis- 
cerned together  with  remnants  of  nuclei.  Such  appearances  simulate 
pictures  which  may  have  suggested  the  idea  of  schizogony  to  Noc. 
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Original  observations. 
Material  and  methods. 

My  own  studies,  so  far  as  the  vegetative  forms  are  concerned,  are 
based  upon  material  which  was  freshly  obtained  (a)  from  three 
individuals  who  had  probably  acquired  the  infestation  in  Maryland,  (6) 
from  one  South  Carolina  case;  (c)  from  a  United  States  soldier,  who 
may  have  acquired  the  infestation  in  France  (where  the  preparations 
were  made).  Cyst  material  was  obtained  fresh  from  three  Maryland 
eases,  from  an  individual  living  in  Washington,  D.  C,  and  from  one 
ease  who  had  acquired  the  infestation  in  Brazil.  In  addition  cyst 
material  was  also  available  from  two  Chinese  cases.  This  had  been 
preserved  when  fresh  in  4  per  cent,  formalin,  and  was  used  for  com- 
parative studies  of  a  corroborative  nature  only,  and  not  for  meas- 
urement?.* 

Permanent  preparations  were  made  by  fixing  wet  smears  in 
Schaudinn's  solution  (at  a  temperature  of  about  50°-60°  C),  and 
subsequently  staining  in  Heidenhain's  haematoxylin,  using  iron  alum 
in  4  per  cent,  and  2  per  cent,  aqueous  solution  as  mordant  and  differ- 
entiating agents  respectively.  For  the  study  of  the  flagella  eosin- 
methylene  azure  mixtures  were  found  most  useful,  and  occasionally 
Mann's  eosin-methyl  blue  mixture  was  also  employed. 

Plan  of  study. 

From  the  survey  of  what  has  already  been  done  on  the  morpho- 
logical study  of  Giardia  ent erica  it  is  clear  that  an  attempt  on  our  part 
to  furnish  a  description  which  can  be  used  for  comparative  pur- 
poses will  have  to  be  based  upon  a  critical  analysis  of  the  findings  of 
these  earlier  investigators,  and  a  comparison  of  their  results  with  my 
own.  For  convenience  sake  we  shall  study  the  organism,  both  in  its 
vegetative  and  its  encysted  form  under  the  following  headings : 

1.  General  morphology. 

(a)  Form  and  general  structure. 
(6)   Supporting  structures. 

(c)  Neuro-motor  apparatus. 

(a)  Nuclei  and  their  relation  to  the  motor  apparatus. 
iP)  Origin  and  course  of  the  flagella. 

(d)  The  so-called  parabasal  body. 

2.  Biometry. 

•  The  writer  is  indebted  to  Dr.  W.  C.  Boeck  for  the  material  from  the  French 
ca«e  and  the  individual  living  in  Washington,  D.  C. 
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The  trophozoite. 


Form  and  general  structure, — As  seen  en  face  the  young  and  fully 
grown  trophozoites  appear  roughly  pyriform  in  shape,  the  rounded 
wider  portion  corresponding  to  the  anterior  end  and  the  narrow 
portion  to  the  posterior  end.  The  greater  portion  of  the  anterior  end 
is  occupied  by  a  depressed  area  which  represents  the  so-called  sucking 
cup  in  which  two  nuclei  can  be  clearly  distinguished.  These  struc- 
tures are  convenient  anatomical  landmarks  by  which  we  can  fix  the 
lines  of  maximal  width,  etc.,  and  the  location  of  the  various  organelles. 
In  most  specimens  the  line  of  maximal  width  drawn  at  right  angles 
to  the  longitudinal  axis  passes  through  the  posterior  poles  of  the 
nuclei.  If  we  denote  the  entire  length  of  the  organism  by  the  figure 
100,  the  distance  from  the  anterior  pole  of  the  body  to  the  line  of  maxi- 
mal width,  as  just  defined,  represents  approximately  23.5  per  cent,  of 
the  total.  From  the  extreme  outer  points  of  this  line  of  greatest 
width  the  lateral  lines  approximately  maintain  the  same  distance 
from  the  longitudinal  axis  for  about  14.5  per  cent,  of  the  total  length. 
Thereafter  the  lines  gradually  converge ;  the  remainder  of  the  length 
corresponding  to  about  26  per  cent,  of  the  total.  In  some  specimens 
the  posterior  end  becomes  very  much  narrowed,  the  lateral  lines  run- 
ning almost  parallel  for  a  distance  of  about  2  micra,  while  in  others, 
and  these  constitute  the  majority,  there  is  a  gradual  convergence 
toward  the  caudal  termination  (see  Text  figure  1). 

In  addition  to  the  gracefully  elongate  forms  which  may  be  viewed 
as  typical  of  the  vegetative  type  one  now  and  then  encounters  in 
nearly  every  slide  organisms  whose  contours  tend  toward  the  oval  and 
in  which  no  marked  attenuation  of  the  tail  end' exists.  These  forms 
the  writer  is  inclined  to  view  as  old  forms  which  are  preparing  for 
encystment,  without  wishing  to  suggest,  however,  that  only  old  forms 
can  and  do  encyst. 

When  viewed  from  the  side  the  organism  presents  a  slightly  up- 
turned attenuated  head  tip.  Immediately  behind  this  appears  a  sug- 
gestion of  a  slight  depression  from  which  point  off  the  dorsal  surface 
becomes  markedly  arched,  the  highest  point  being  reached  about  the 
middle  of  the  posterior  half  of  the  body;  there  is  then  an  abrupt  drop 
to  very  near  the  end  of  the  tail,  and  a  final  brief  convergence  with  the 
latter. 

An  examination  of  the  ventral  surface*  shows  a  cup-like  depression 

*  Bearing  in  mind  that  the  so-called  parabasal  body  is  located  dorsally  to  th« 
axostyles  it  is  easy  to  determine  whether  we  are  looking  at  the  dorsal  or  ventral 
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occupying  almost  the  entire  anterior  portion  of  the  body  and  extend- 
ing nearly  to  an  imaginary  line  cutting  the  longitudinal  axis  at  nghi- 
angles,  at  a  point  about  half  way  between  the  anterior  end  and  the 
tip  of  the  tail.    The  cap  is  roughly  kidney  shaped,  its  long  axis  being 
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Text  Figure  1. 

at  right  angles  to  the  long  axis  of  the  body.  At  its  hilum  we  meet  with 
the  anterior  portion  of  a  diamond  shaped  depressed  area  which  is 
bordered  at  each  side  of  its  anterior  half  by  a  triangular  shield-like 
ventral  incurvation  of  the  dorsal  surface  of  the  animal  (see  Text 
figure  1).  The  diamond  shaped  area  just  mentioned  evidently  be- 
comes continuous  with  the  cytostomal  depression,  by  way  of  the  hilum 
which  latter  region  I  would  propose  to  name  the  cystostomal  vestibule, 
■nrfaca  bj  focuBBiDg  dona  slowlj  sdiI  noting  whether  the  plane  of  the  parabuaJ 
body  or  that  of  the  aiostjles  appears  first. 
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Lying  in  the  depth  of  the  eytostome  apparently  there  are  the  two 
-nuclei  with  which  are  connected,  in  a  manirer  presently  to  be  de- 
scribed, the  four  pairs  of  flagella.     The  two  anterior  flagella— the 
anterolaterals — become  free  at  a  level  corresponding  closely  to  a  line 
drawn  through  the  anterior  poles  of  the  nuclei.    The  postero-laterals 
emerge  laterally  a  little  more  than  half  way  between  these  points  and 
the  tail  end  of  the  animal.    The  caudals  emerge  from  the  extreme  pos- 
terior end.     The  fourth  pair,  the  ventrals,  originate  apparently  in 
the  cytostomal  vestibule  in  a  manner  which  will  be  described  below, 
and  seem  to  become  free  at  once.    The  ** mysterious  body,"  or  para- 
basal body,  as  it  is  now  called,  lies  a  little  posterior  to  the  vestibule, 
within'  the  cytoplasm  between  the  ventral  and  dorsal  surfaces,  as  may 
be  seen  in  side  views  of  the  organism. 

The  cytoplasm  in  stained  preparations  presents  an  alveolar  rather 
than  a  granular  appearance ;  on  the  surface  it  has  become  concentrated 
into  a  fairly  resistant  homogeneous  periplastic  layer.  Possibly  de- 
rived from  this  latter  through  a  further  process  of  condensation,  are 
the  following  structures: 

Supporting  structures. — It  will  be  recalled  that  Rodenwaldt  con- 
ceived the  eytostome  to  be  bordered  by  a  single  stout  fibril  which  he 
thought  originated  in  the  eytostome  from  a  basal  granule  and  then 
ran  around  the  entire  margin  to  end  in  a  corresponding  granule  on 
the  other  side  (see  Plate  XXIII,  Fig.  3) .  This  conception  the  writer  be- 
lieves to  be  untenable.     In  carefully  destained  specimens  it  can  be 
seen  distinctly  that  two  deeply  staining  fibrils  run  along  the  anterior 
margin  of  the  eytostome  from  the  points  where   the   antero-lateral 
flagella  become  free  to  near  the  middle  of  the  anterior  arch  of  the 
border  of  the  cup.    At  this  point  however,  there  is  a  definite  gap  over 
which  the  two  fibrils  do  not  pass.     The  idea  that  the  course  of  the 
fibril   is   continuous   at   this   point   can   only   have   arisen   from  the 
observation  of  insufficiently  destained  specimens,  or  of  specimens  in 
which  the  cytostomal  margin  had  contracted  at  the  time  of  fixation. 
This  latter  possibility  will  readily  be  appreciated,  if  it  is  borne  in 
mind  that  during  the  life  of  the  organism  the  cytostomal  aperture  is 
undergoing  active   expansile   and   contractile   movements,  while  the 
parasite  is  not  attached  to  a  cell.    Some  specimens  will  naturally  he 
fixed  while  the  aperture  is  contracted.     But  even  though  specimens 
be  present  in  which  this  is  expanded  it  is  very  easy  to  overlook  the 
little  break  in  the  arch  and  particularly  so  when  the  process  of  de- 
staining  has  not  been  carried  far  enough. 
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in  the  past,  and  up  to  the  time  of  the  great  war  the  majority  of  the 
papers  dealing  with  the  subject  were  essentially  devoted  to  the  recital 
of  isolated  cases  or  small  groups  of  cases.     The  infestation  was  largely 
looked  upon  as  a  medical  curiosity  and  as  of  negligible  importance* 
Very  little  was  known  of  the  geographical  distribution  of  the  para- 
site, of  the  extent  of  its  occurrence  in  those  countries  where  it  had 
been  observed,  of  its  pathogenicity,  of  the  mode  of  infection  and  hence 
of  its  control.     Up  to  the  present  time  (1921)  an  adequate  morpho- 
logical basis  for  comparison  of  the  human  type  with  the  forms  found' 
in  various  animals  did  not  even  exist.     A  considerable  amount  of  in- 
terest in  these  various  questions  was,  however,  evoked  by  experiences 
gained  in  the  course  of  the  war.     It  was  then  found  that  the  infesta- 
tion of  man  was  much  more  common  than  was  formerly  believed,  that 
many  individuals  harbor  the  parasite  without  evidence  of  any  harm- 
ful effects,  it  is  true,  but  that  in  many  others  obstinate  diarrhoea, 
exists  which  can  not  be  attributed  to  any  other  cause.     But  even  so,. 
we   are  evidently  only  beginning  to   appreciate   that  giardia   is  a-, 
parasite  which  is  worthy  of  study.     During  the  past  two  years  the- 
writer  has  devoted  a  considerable  part  of  his  time  to  the  investigation! 
of  some  of  these  problems,  and  it  is  intended  to  present  the  results  of 
his  investigations  in  a  series  of  papers,  of  which  this  is  the  first. 

The  problem. 

The  present  paper  is  intended  as  a  contribution  to  the  question 
w^hether  human  giardiasis  is  of  rodent  origin.  To  determine  this  point 
at  is  essential  to  develop  a  picture  of  the  parasite,  as  it  occurs  in  man^ 
w^hich  may  serve  for  comparison  with  the  forms  which  occur  in  the 
animals  under  consideration.  Up  to  the  present  time  such  a  standard 
has  not  been  available.  There  has  been  a  gradual  evolution  of  the 
final  picture,  as  will  appear  from  a  survey  of  the  work  done  in  the 
past,  but  even  the  latest  account,  given  in  1912,  leaves  many  points 
undetermined.  Before  proceeding  to  this  survey  a  few  words  regard-^ 
ing  the  taxonomies  of  the  organism  may  not  be  out  of  place. 

Taxonomics. 

The  organism  which  was  discovered  by  Lambl  in  1859  was  thought 
by  this  observer  to  belong  to  the  genus  Cercomonas.  From  its  habitat 
he  termed  it  Cercomonas  intestinalis.  Grassi  (1879),  who  apparently 
-was  in  ignorance  of  Lambl's  discovery,  described  what  was  evidently 
an   organism  belonging  to  the  same  genus,  but  occurring  in  varioua 
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the  cytostome.  This  may  be  observed  in  animal  material  containing 
both  living  specimens  and  epithelial  cells  of  the  intestinal  tract.  It 
will  then  be  seen  that  in  trying  to  attach  itself  the  animal  first  hooks 
the  anterior  arch  over  the  top  of  the  cell  and  then  pulls  itself  into 
position.  The  rigidity  of  the  two  posterior  arches  is  evidently  en- 
hanced by  the  rotundity  of  the  two  lateral  shields,  which  in  turn  are 
stiffened  along  their  inner  margin  by  the  so-called  intracytoplasmic 
portion  of  the  posterolateral  flagella.  An  examination  of  these  re- 
gions will  show  that  from  the  points  of  the  lateral  emergence  of  the 
exceedingly  delicate  flagella  a  line  of  increasing  thickness,  as  measured 
by  the  degree  of  staining,  on  each  side  passes  along  the  inner  border 
of  the  triangular  shields,  and  entering  the  vestibule  runs  forward  to 
a  level  with  the  posterior  end  of  the  anterior  third  of  the  nuclei,  the 
stoutest  portion  being  the  pre-  and  intra-vestibular  portion.  At  the 
points  mentioned  these  lines  which  within  the  vestibule  run  a  nearly 
parallel  course  seem  to  stop  as  such,  but  are  continued  forward  for  a 
short  distance  by  two  much  finer  fibrils.  I  have  gained  the  impression 
that  what  we  see  of  the  so-called  intracytoplasmic  prolongation  of  the 
posterolateral  flagella  no  more  represents  such  structures  than  do  the 
anterior  peristomal  fibrils  represent  the  antero-lateral  flagella.  The 
diamond-shaped  depressed  portion  which  extends  to  the  tail  from  the 
vestibule  is,  in  my  opinion,  demarcated  from  the  lateral  shields  by  a 
wall  which  rises  in  height  from  the  posterior  angle  of  the  shields  and 
reaches  its  highest  portion  within  the  vestibule  at  a  point  from  which 
other  structures  presently  to  be  described  evidently  dip  down  to  the 
bottom  of  the  cytostome.  I  am  not  prepared  to  positively  assert  that 
a  separate  detachable  fibril  runs  along  this  border,  for  it  is  quite 
possible  that  there  is  only  a  thickening  of  the  cuticle,  but  certain 
structures  that  one  meets  in  encysted  forms  suggest  this  possibility. 
For  convenience  sake  I  would  propose  to  call  the  lines  in  question  the 
border  ridges  of  the  lateral  shield  lines. 

As  regards  Rodenwaldt^s  marginal  fibril — Randfibrille — which  he 
conceives  as  laterally  bordering  the  posterior  portion  of  the  body  of 
the  animal,  I  have  not  been  able  to  satisfy  my  mind  that  such  a  fibril 
exists,  while  a  cuticular  thickening  may  often  be  observed  running 
aloiij;  the  outer  margin  of  the  lateral  shields  and  even  extending  to 
near  the  end  of  the  tail.  In  specimens  that  are  apparently  about  to 
encyst  this  line  is  particularly  well  marked;  it  seems  to  be  continuous 
with  the  head  arch  and  in  some  specimens  curves  around  to  the  other 
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side,  crossing  over  the  posterior  surface  of  the  tail.     Such  specimens 
look  as  though  the  animal  were  covered  with  an  oval  shell,  like  a  turtle. 

Bodenwaldt,  who  maintains  the  existence  of  two  axostyles  running 
to  the  caudal  end  of  the  body  from  a  pair  of  basal  granules  lying  in 
the  depth  of  the  cytostome  between  and  a  little  anterior  to  the  anterior 
poles  of  the  nuclei,  regards  these  as  the  **  Hauptstiitzfibrillen,''  the 
principal  supporting  fibrils  of  the  animal.  The  writer  does  not  share 
this  view.  The  writer,  like  Rodenwaldt,  maintains  the  existence  of 
two  **  axostyles,''  but  in  his  estimation  these  are  too  delicate  to  serve 
as  supporting  structures,  and  he  looks  upon  them  purely  as  true 
intracytoplasmic  continuations  of  the  caudal  flagella.  In  some  speci- 
mens, particularly  such  as  have  not  been  sufficiently  destained,  the 
caudal  halves  of  these  structures  are  seen  in  close  apposition  and  may 
then  suggest  a  single  body,  but  from  the  level  of  the  parabasal  body 
forward  into  the  vestibule  one  can  always  see  two  fine  lines  which 
pursue  a  parallel  course,  the  interval  between  which  is  always  clear 
and  distinct.  In  most  thoroughly  destained  specimens  there  is  no 
difficulty  in  distinguishing  the  course  of  these  two  lines  posteriorly 
where  they  end  not  in  one,  but  in  two  basal  granules.  (We  shall 
revert  to  this  question  a  little  later  on  when  discussing  the  neuro- 
motor apparatus  in  detail.) 

To  recapitulate,  the  writer  would  look  upon  the  periplast  of  the 
organism  as  an  important  supporting  structure  in  itself.  This  is 
thickened  along  the  inner  and  possibly  the  outer  border  of  the  lateral 
shields,  and  to  some  extent  along  the  lateral  border  of  the  tail.  De- 
rived from  it,  no  doubt,  are  the  four  separate  fibrils  which  run  along 
the  border  of  the  cytostome,  viz.,  the  two  anterior  and  the  two  posterior 
peristomal  fibrils.  These  are  separate  and  apart  from  the  neuro- 
motor apparatus,  which  we  shall  now  consider. 

The  neuro-motor  apparatus. — The  neuro-motor  apparatus  of  the 
organism  is  composed  of  two  nuclei,  a  number  of  centrally  located 
basal  granules  connecting  with  the  nuclei  by  means  of  rhizoplasts, 
four  pairs  of  flagella,  and  peripherally  located  basal  granules  (see 
Text  figure  1). 

The  two  nuclei  are  seen  in  the  depth  of  the  cytostome.  Their 
anterior  poles  converge  slightly  toward  the  longitudinal  axis  of  the 
animal.  Seen  en  face,  as  well  as  from  the  side,  they  are  oval  in  form. 
The  chromatin  in  the  resting  nucleus  is  gathered  into  a  round  or  oval 
karyosome  which  is  united  to  a  fairly  large  somewhat  crescentic  ap- 
pearing mass   of  chromatin,   which   is   apparently   attached   to  the 
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anterior  pole  of  the  nuclear  membrane  by  means  of  a  rhizoplast  and 
which  may  be  viewed  as  a  centrosome.     More  rarely  a  little  mass  of 
chromatin  is  seen  at  the  posterior  pole  or  in  the  lateral  wall  of  the 
nuclear  membrane.    The  membrane  is  always  distinct.    A  little  ant^ 
rior  to  the  level  of  the  anterior  poles  of  the  nuclei  and  between  the 
two  are  two  deeply  staining  granules  which  in  some  specimens  can  be 
seen  to  be  united  by  rhizoplasts  to  the  centrosome  of  the  corresponding 
nuclei.     They  are,  moreover,  united  with  one  another  by  a  little  arched 
commissure  which  carries  a  small  granule  in  the  center  and  which  I 
would  term  the  interblepharoplastic  granule.     The  two  outer  granules 
are  viewed  as  blepharoplasts.     Arching  out  from  them  and  running 
forward  to  cross  near  or  in  the  little  central  gap,  between  the  anterior 
peristomal  fibrils,  are  the  anterior  flagella.     At  the  point  of  crossing— 
the  chiasm — a  tiny  granule  can  often  be  discerned.     Prom  this  point 
on  their  course  is  obscured  by  the  peristomal  fibrils.     They  then 
emerge  laterally  where  the  latter  end,  and  at  times  a  little  granule 
may  be  seen  at  the  point  of  exit  from  the  body  of  the  animal.    The 
free  flagella  are  very  delicate  and  can  usually  not^  be  seen  distinctly 
throughout  their  course  in  haematoxylin  preparations.    With  Qiemsa's 
stain,  however,  they  can  be  brought  out  very  well,  and  in  such  speci- 
mens it  will  be  seen  that  they  are  fully  as  long  as  or  longer  than  the 
entire  body  of  the  parasite.     Running  backward  from  the  blepharo- 
plasts for  a  distance  corresponding  to  about  the  level  of  the  posterior 
end  of  the  anterior  third  of  the  nuclei  are  two  fine  parallel  lines.    At 
the  level  just  mentioned  these  apparently  merge  with  the  heavily 
staining  stout  anterior  endings  of  the  border  ridges  of  the  lateral 
shields.    From  the  points  where  these  begin  to  diverge  two  fine  lines 
run  posteriorly,  following  a  parallel  course  as  far  as  the  anterior  level 
of  the  parabasal  body,  after  which  they  gradually  come  closer  to- 
gether and  finally  terminate  in  two  caudal  granules,  which  are  sepa- 
rated by  a  very  small  interval  and  from  which  the  two  caudal  flagella 
issue.     The  latter  are  approximately  as  long  as  the  entire  animal.    In 
this  connection  it  may  be  mentioned  that  in  some  specimens  the  tail  is 
bifid,  with  a  granule  at  each  end,  and  that  in  others  the  flagella  be- 
come free  a  little  distance  before  the  end  of  the  tail  is  reached.    For 
the  sake  of  convenience  we  may  call  the  iutraeytoplasmic  prolongations 
of  the  caudal  flagella  axostyles,  but,  as  I  have  stated  already,  these 
structures  seem  to  be  too  delicate  to  serve  as  supporting  organs.    It 
is  possible  that  in  the  beginning  of  their  course  (reckoning  from  the 
tail  end  forward)  they  may  be  running  along  a  shallow  and  narrow 


GIARDIA   ENTERICA.  459 

groove  as  far  as  the  level  of  the  parabasal  body.  This  might  account 
for  the  fact  that  in  insufficiently  destained  specimens  this  portion 
seems  to  stain  somewhat  diffusely,  and  hence  suggests  the  existence 
of  a  single  axostyle.  But  as  I  have  said  before,  the  lines  running 
forward  from  the  level  of  the  parabasal  body  are  always  distinctly 
separated  with  no  intervening  staining  material  of  the  same  color 
whatever,  and  in  large  numbers  of  specimens  the  separate  course  of 
these  fibrils  can  be  traced  to  the  tail  without  any  difficulty.  Kofoid 
and  his  pupils  describe  and  picture  but  one  axostyle  as  the  normal  in 
resting  specimens  of  the  animal  forms  which  they  studied  in  Califor- 
nia, viz.,  Oiardia  muris  and  Oardia  microti.  According  to  these  in- 
vestigators, the  axostyle  starts  from  a  single  caudal  basal  granule 
and  runs  forward,  becoming  wider  as  it  proceeds,  until  its  termination 
is  reached  in  the  form  of  the  little  interblepharoplastic  commissure 
mentioned  above.  When  division  is  to  take  place  the  axostyle,  ac- 
cording to  Kofoid,  splits  at  its  broad  end,  with  the  simultaneous  for- 
mation of  two  pairs  of  blepharoplasts,  and  gradually  the  split  is 
supposed  to  extend  to  the  caudal  end.  I  have  never  seen  any  appear- 
ances suggesting  such  a  process  of  division  in  my  human  material. 
At  first  I  was  inclined  to  believe  that  my  findings  were  due  simply  to 
a  different  interpretation  from  that  of  Kofoid,  but  after  having 
studied  thousands  of  specimens  I  can  not  help  but  believe  that  my 
interpretation  expresses  the  true  state  of  affairs.  Kofoid  in  his  di- 
viding forms  pictures  the  commissure  as  broken.  Whenever  I  have 
seen'  anything  suggestive  of  the  presence  of  four  blepharoplasts  the 
commissure  was  still  intact  and  it  appeared  as  though  the  second  pair 
were  located  dorsal  to  the  first  pair.  I  may  add  that  a  careful  study 
has  convinced  me  that  there  is  no  relation  between  the  stage  of  chro- 
matinic  division  within  the  nuclei  and  the  appearance  of  the  two 
axostyles,  as  I  have  described  it.  As  additional  evidence  of  the  nor- 
mal presence  of  two  axostyles,  I  may  briefly  record  the  following  ob- 
servation, which  will  be  published  in  greater  detail  at  another  place : 
In  the  feces  of  one  of  my  patients  large  numbers  of  organisms  were 
encountered  which  had  evidently  just  emerged  from  the  cysts.  In 
so  far  as  it  was  possible  to  obtain  a  clear  picture  of  the  structures 
under  consideration,  two  axostyles  were  seen  in  these  forms  also. 
Whether  we  have  a  right  to  call  these  fibrils  axostyles  seems  rather 
doubtful  to  the  writer  and  he  would  suggest  that  the  term  intracysto- 
plasmic  continuations  of  the  caudal  flagella  would  be  more  correct. 
The  ventral  flagella  apparently  originate  from  slightly  elongate 
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basal  granules  or  rods  which  seem  to  be  attached  to  the  axostyles 
about  where  these  enter  the  vestibula,  a  little  anterior  to  the  para- 
basal body.    They  become  free  at  once  and  in  the  living  animal  are 
engaged  in  a  corkscrew-like  motion  which  continues  long  after  the 
lateral  and  caudal  flagella  have  become  quiescent.     Their  motion, 
moreover,  continues  while  the  animal  is  attached  to  a  cell.     They  con- 
stitute its  principal  motor  apparatus,  while  the  other  flagella  execute 
only  sluggish  movements,  by  which  the  animal  would  be  propelled 
only  in  a  very  indifferent  manner.     The  ventral  flagella  are  usually 
not   distinct  in  iron-haematoxylin  specimens,  but   may  be   brought 
prominently   into   view  by  staining:  with   a  Romanowsky   mixture. 
Their  length  is    somewhat  difficult  to  measure,  but  apparently  they 
extend  to  the  end  of  the  tail. 

The  postero-lateral  flagella  emerge  at  the  tips  of  the  lateral  shields, 
which  points  lie  a  little  more  than  half  way  between  the  caudal  tip 
and  the  points  of  emergence  of  the  antero-lateral  flagella.  v.  Prowa- 
zek  and  Rodenwaldt  both  look  upon  the  dark  line  which  constitutes 
the  inner  border  of  the  lateral  shields  as  intracystoplasmic  portions  of 
these  postero-lateral  flagella.  For  reasons  which  I  have  already  men- 
tioned, I  do  not  share  this  view,  and  it  is  my  belief  that  the  flagella 
in  their  course  forward  run  along  or  beneath  this  heavy  lateral  line. 
They  probably  join  the  so-called  axostyles  in  their  intravestibular 
course,  and  conjointly  with  these  reach  the  blepharoplasts.  The  ex- 
tracytoplasmic  portion  of  the  postero-lateral  flagella  can  be  well 
brought  out  with  a  Romanowsky  mixture  and  is  about  as  long  or 
longer  than  the  entire  body  of  the  animal. 

The  *'  parabasal  body.'' — This  structure  in  the  human  type  of 
Giardia  usually  presents  a  club-shaped  or  a  heavy  comma-like  appear- 
ance, and  in  iron-haematoxylin  specimens  is  stained  black.  Lateral 
views  show  that  it  is  located  dorsally  to  the  **  axostyles.*'  Its  longi- 
tudinal axis  lies  obliquely  to  the  longitudinal  axis  of  the  organism, 
the  narrow  end  slanting  toward  the  posterior  pole.  Occasionally  one 
gets  the  impression  as  though  the  structure  were  split  longitudinally. 
A  noteworthy  fact  is  the  frequent  absence  of  this  body.  The  writer 
has  carefully  studied  the  question  whether  any  relation  exists  between 
the  presence  or  absence  of  this  body  and  the  phase  of  the  nuclei  as 
regards  evidence  of  beginning  division,  and  also  in  reference  to  the 
question  whether  the  axostyles  appear  single  or  double  throughout 
their  course.  Many  hundred  specimens  were  examined  from  this 
point  of  view,  but  as  the  data  presented  in  the  accompanying  table 
show,  no  relation  between  these  factors  could  be  discovered. 
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Sometimes  the  body  in  question  stains  deeply,  at  other  times  scarcely 
at  all.  Sometimes  its  length  equals  or  even  exceeds  that  of  the 
nucleus;  at  other  times  it  is  so  small  as  to  be  scarcely  discernible. 
The  body  is  thus  evidently  not  of  a  permanent  nature,  or  perhaps  it 
would  be  more  appropriate  to  say  the  staining  substance  is  not  of  a 
permanent  nature.  The  fact,  however,  that  when  this  staining  sub- 
stance is  present  it  always  seems  to  occupy  the  same  position  suggests 
the  continued  presence  of  a  structure  in  which  the  staining  substance 
is  temporarily  stored.  Boeck  (1919)  has  also  come  to  this  conclusion 
during  his  study  of  rodent  forms.  He  states :  *  *  In  about  half  of  the 
flagellates  the  parabasal  bodies  appeared  to  be  situated  upon  or  in  a 
definite  area  of  the  cytoplasm,  limited  by  a  membrane-like  structure.'* 
This  writer  found  that  on  staining  with  acid  fuchsin  and  methyl 
green  the  bodies  appeared  red  and  the  chromatin  of  the  nuclei  green, 
while  in  specimens  stained  with  basic  fuchsin  the  parabasals  were  not 
stained  at  all.  With  Wright's  stain  I  found  that  the  structures  took 
the  red  in  the  same  tone  as  did  the  nuclei  and  the  flagella.  With 
Mann's  eosin-methyl  blue  mixture  they  were  colored  red,  as  were  the 
karvosomes  of  the  nuclei. 

On  staining  Schaudinn  preparations  with  Lugors  solution,  Boeck 
found  that  a  certain  number  showed  a  mahogany  colored  mass  **  fill- 
ing all  the  parabasal-plasm,''  and  he  concludes  that  the  function  of 
the  bodies  is  to  secrete  glycogen  which  is  retained  for  subsequent  use 
in  the  parabasal-plasm.  While  tlie  writer  agrees  with  Boeck  that  the 
contents  of  the  parabasals  may  be  composed  of  glycogen,  he  does  not 
believe  that  the  iodine  test  alone  can  be  viewed  as  a  criterion  of  the 
presence  or  absence  of  glycogen.  It  should  be  borne  in  mind  that  the 
so-called  glycogen  vacuoles  of  certain  amoebae  are  not  stained  by  iron- 
haematoxylin. 


462  CHABLES  £.   SIMON. 

Both  Kofoid  and  Boeck  mention  that  on  rare  occasions  in  some 
of  their  animal  material  they  have  seen  fibrils  connecting  the  para- 
basal body  with  the  dorsal  side  of  the  axostyle.  I  have  studied  lateral 
views  with  this  in  mind  and  on  one  occasion  thought  I  could  discern 
a  tiny  fibril  coming  from  a  parabasal,  but  I  was  unable  to  trace  its 
course. 

The  fact  that  I  have  been  able  to  clearly  recognize  these  bodies  in 
all  the  very  small  forms  which  I  encountered  on  one  occasion  and  to 
which  I  have  repeatedly  alluded  as  probably  representing  freshly 
excysted  forms,  unless  we  assume  the  unlikely  alternative  that  the 
enormous  number  had  resulted  from  multiple  fission  of  free  forms, 
represents  additional  evidence  that  their  presence  or  absence  has 
nothing  to  do  with  nuclear  division. 

It  will  have  been  noted  that  I  have  avoided  the  term  parabasal 
body  as  much  as  possible  in  referring  to  this  structure,  as  its  accept- 
ance would  involve  the  recognition  of  its  homology  with  the  parabasal 
body  of  Devescovina  of  Janicki  (1911)  and  with  the  chromatic  basal 
rod  of  Trichomonas,  as  was  first  tentatively  suggested  by  Alexeieff 
(1914),  and  as  apparently  is  held  by  Kofoid  and  Christiansen.  The 
writer  does  not  believe  that  the  evidence  which  has  thus  far  been 
adduced  to  support  this  idea  is  sufficient,  and  in  a  later  paper  he  ex- 
pects to  discuss  this  question  in  greater  detail. 

The  encysted  form. 

The  majority  of  the  Giardia  cysts  in  the  stained  specimen  present 
an  oval  outline.  In  addition  apparently  spherical  forms  will  also  be 
encountered.  Whether  or  not  these  are  spherical  in  reality  may,  how- 
ever, be  questioned.  It  is  possible  that  the  spherical  appearance  may 
be  due  to  the  fact  that  we  look  down  upon  the  rounded  ends  of  other- 
wise oval  forms. 

The  cyst  wall  is  apparently  separated  from  the  contents  by  a 
narrow  layer  of  a  non-staining  substance.  Within  the  cyst  the  organ- 
ism first  prepares  for  division  and  ultimately,  no  doubt,  undergoes 
division,  with  the  formation  of  two  or  more  merozoites.  The  appear- 
ance of  the  contents  will  hence  vary  according  to  the  stage  of  division  , 
and  the  number  of  merozoites  that  are  being  formed.  An  adequate 
mental  picture  of  the  process  of  division  can,  of  course,  only  be 
formed  from  a  study  of  a  large  number  of  specimens,  not  only  from 
the  same  stool,  but  from  stools  obtained  on  different  days,  and  even 
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then  it  must  be  admitted  that  it  is  often  exceedingly  diflScult,  if  not 
impossible,  to  say  what  this  and  that  line  in  the  cyst  represents.  It 
seems  to  be  certain  that  at  an  early  stage  following  encystment  some 
of  the  structures  lose  their  connection  with  the  other  organelles.  This 
is  true  more  particularly  of  some,  if  not  of  all,  of  the  supporting 
structures.  The  consequence  is  that  in  most  cysts  one  merely  sees  an 
apparently  uniformly  granular  cytoplasm,  and  lying  within  this  the 
nuclei  and  various  more  or  less  distinctly  and  deeply  staining  lines 
and  fibrils. 

In  human  cysts  a  binucleate  condition  is  the  exception.  In  the 
course  of  an  analysis  of  400  cysts  from  four  different  human  hosts,. 
100  being  studied  in  reference  to  this  point  in  each  case,  the  writer 
found  that  96  per  cent,  were  definitely  qradrinucleate ;  the  values  per 
individual  were  96,  94,  96  and  98  per  cent.  Binucleate  cysts  were  rare, 
and  a  cyst  containing. more  than  4  nuclei  still  rarer.  I  have  never  seen 
more  than  eight  nuclei  in  a  human  cyst,  and  since  practically  all  vege- 
tative forms  which  one  sees  in  the  feces  in  the  case  of  man  are  bi- 
nucleate, one  is  forced  to  conclude  that  nuclear  division  must  take 
place  very  quickly  and  very  early  after  encystment  has  taken  place^ 
Preencysting  forms,  viz.,  such  in  which  the  outline  of  the  vegetative* 
form  has  become  oval,  are  in  the  writer's  experience  all  binucleate.  In 
most  specimens  the  four  nuclei  are  located  near  one  pole,  usually  two- 
and  two  on  different  levels.  In  attempting  to  sketch  such  appearances^ 
it  is  hence  necessary  to  show  them  as  overlapping.  In  contradistinc- 
tion to  the  vegetative  forms  the  nuclei  of  the  cysts  are  always  spherical 
instead  of  ovoid.  In  their  interior  the  chromatin  will  be  found  in 
various  stages  of  division.  With  a  sufficient  amount  of  patience  one 
can  count  eight  chromosomes  during  one  stage  of  the  process.  At  one 
stage  these  arrange  themselves  in  the  form  of  an  equatorial  plate  and 
subsequently  combine  in  pairs,  giving  rise  to  four  fairly  coarse  gran- 
ules. The  details  of  the  process  of  division  so  far  as  the  writer  has 
followed  them,  seem  to  be  the  same  as  have  been  described  for  Giardia 
muris  and  Ghiardia  microti  by  Kofoid  and  Christiansen  and  Boeck. 

Lying  between  two  of  the  nuclei  one  can  see  in  most  cysts  two 
blepharoplasts  still  joined  by  their  commissural  fibril,  at  times  still 
presenting  the  central  granule ;  and  running  toward  the  posterior  pole 
from  these  the  two  fine  parallel  lines  that  one  sees  in  the  vegetative 
forms.  A  short  distance  from  the  blepharoplasts  one  can  then  note  a 
separation  of  the  delicate  postero-lateral  flagella  from  the  equally 
delicate  so-called  axostyles.    In  some  specimens  corresponding  to  this 


464  CHARLES  E.   SIMON. 

stage  of  development  one  can  also  see  the  anterior  flagella,  follow  them 
after  they  have  crossed,  and  observe  them  running  down  along  the 
outer  margin  of  the  granular  contents  of  the  cyst.  It  is  noteworthy 
that  there  are  no  lines  in  the  cysts  comparable  to  or  in  the  position 
of  either  the  anterior  peristomal  fibrils,  or  the  posterior  peristomal 
fibrils  or  the  fibril-like  structures  which  border  the  lateral  shields.  The 
ventral  flagella  I  have  at  no  time  been  able  to  see  or  identify  in  the 
cysts.  At  the  end  of  each  axostyle  a  basal  granule  is  not  infrequently 
discernible,  and  I  have  also  seen  granules  which  correspond  in  position 
to  those  from  which  the  antero-lateral  flagella  emerge  from  the  body. 

In  other  specimens  the  blepharoplasts  have  apparently  divided  in 
a  dorso-ventral  direction,  but  even  then  the  commissural  fibril  can 
yet  be  made  out.  A  splitting  of  the  fibrils  running  to  the  posterior 
end  I  have  not  been  able  to  observe  with  certainty,  at  least  not  near 
their  points  of  origin,  though  toward  the  far  pole  I  have  at  times 
counted  as  many  as  eight  delicate  lines.  More  often  the  lines  are  so 
closely  matted  together  that  it  is  impossible  to  count  them. 

In  addition  to  the  structures  that  have  been  mentioned  above  one 
can  feee  in  practically  every  cyst  certain  deeply  staining  heavy  lines. 
These  may  be  divided  into  two  groups.    One  group  is  represented  by 
relatively  short  curved  fibrils  which  on  careful  examination  may  be 
seen  to  be  arranged  in  sets  of  four,  each  fibril  terminating  at  one  end 
at  least,  and  the  writer  believes  at  both  ends,  in  a  fairly  deeply  stain- 
ing granule.     Sametimcs  one  sees  but  a  single  set  of  these  fibrils  and 
at  other  times  a  double  set.     Rodenwaldt  views  these  as  liberated 
peristomal  fibrils,  but  he  evidently  failed  to  recognize  their  number 
and  separate  existence  and  the  terminal  granules.     The  second  set 
probably  has  resulted  from  the  original  set  through  longitudinal  di- 
vision.   The  second  group  of  heavily  staining  fibrils  is  usually  repre- 
sented  by   two   relatively   long,   slightly   arched,    fusiform,   rod-like 
structures  which  are  located  in  the  posterior  half  of  the  cyst  and  flare 
out,  the  one  to  the  right  and  the  other  to  the  left  as  shown  in  Text 
figure  2.     Rodenwaldt  suggests  that  these  structures  represent  the 
** mysterious  body''    (parabasal)    and  that  they  may  possibly  serve 
to  direct  the  two  new  nuclei,  which  result  from  the  division  of  the 
two  original  structures,  to  the  posterior  pole.     He  adds  that  after 
that  phase  has  been  reached  these  bodies  disappear,  to  reappear  again 
only  when  the  young  animal  has  matured  to  a  certain  stage.    The 
writer  does  not  share  this  view,  and  prefers  to  leave  the  origin  and 
nature  of  these  rods  undecided.    His  inclination  is  to  view  them  as  in 
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some  manner  coonected  with  or  representing  some  of  the  supporting 
fibrils  in  so  far  as  they  are  not  represented  by  the  smaller  curved 
fibrils  described  above.  Definitely  opposed  to  the  idea  that  they  are 
derived  from  the  parabasal  body  is  the  fact  that  with  Mann's  stain 
they  do  not  take  a  red  color  as  does  the  parabasal  body  of  the  tro- 
phozoite. 


/nt.bleph.  qp^n, 
"iph 


pepistfib.. 

p/d(fe  of  shield. 

post  lat.paa,. 


J'tdcje  of  shield 


Teit  Fiourk  2. 

Of  the  fate  of  the  "mysterious  body"  we  are  in  ignorance.  If  as 
Boeck  suggests  this  structure  merely  represents  a  mass  of  reserve  food 
material — glycogen — it  would  seem  natural  that  this  should  be  used 
up  while  such  active  changes  are  taking  place,  which  involve  the  dis- 
organization, division  and  reorganization  of  the  organism. 

In  the  very  young  forms  to  which  I  have  referred  above  and  which 
I  am  inclined  to  view  as  exeysted  forms  the  "mysterious  body"  could 
be  made  out,  whenever  the  posterior  end  of  the  animal  was  suffi- 
ciently developed  as  to  afford  a  clear  view  of  the  region  which  is 
occupied  by  this  structure.  One  might  accordingly  question  the  dis- 
appearance of  this  body  in  the  cyst.  The  writer  can  only  say,  how- 
ever, that  he  has  seen  no  structure  which  could  be  interpreted  as 
such  within  the  cyst,  and  it  is  certainly  quite  possible  that  the 
young  oi^anism  may  elaborate  a  reserve  of  food  material  as  soon 
as  it  gets  the  opportunity.  In  some  of  the  youngest  exeysted  forms 
that  I  have  seen  there  appeared  to  be  attached  to  the  ventral  surface 
of  the  animal  a  delicate  bud-like  mass  of  granular  cytoplasm.    Whether 
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this  may  represent  a  little  store  of  food  material  with  which  the 
organism  has  started  upon  its  career  I  do  not  know. 

The  fate  of  the  parabasal  body  in  the  cysts  I  have  not  been  able 
to  determine.    Boeck  (1919)  in  describing  his  findings  in  the  cysts 
of  Oiardia  microti  states  that  **In  the  cyst  the  bodies  may  be  two 
or  more  in  number  and  are  greatly  hypertrophied  at  the  beginning 
of  encystment.    In  the  cyst  the  bodies  are  located  in  various  regions, 
but  always  in  the  posterior  part  of  the  body.    They  often  spread  out 
like  the  tail  of  a  comet  or  they  may  appear  as  conglomerations  of  a 
material,  cloud-like  in  character,  through  the  cytoplasm.     Such  was 
the   condition   of   the   parabasal   bodies   during   multiple   fission  in 
Oiardia  muris   (Kofoid  and  Christiansen,  1915)."     From  a  study 
of  Boeck 's  illustrations  it  is  clear  that  he  regards  as  parabasals  those 
structures  which  the  writer,  as  well  as  Rodenwaldt,  looks  upon  as 
peristomal  fibrils  in  various'  stages  of  division.    Considering  the  nor- 
mally small  size  of  the  parabasals  it  is  difScult  to  conceive  how  the 
store  of  food  material  which  they  represent  can  possibly  hypertrophy 
at  a  time  when  the  animal  can  only  break  down  what  it  has,  but  cer- 
tainly not  form  more  anew.    Boeck  pictures  quite  correctly  the  split- 
ting up  into  fibrils  with  a  granule  at  each  end  of  these  structures 
which  at  one  phase  of  their  development  resemble  the  arched  tail  of 
a  comet,  but  this  splitting  up  would  be  a  useless  performance,  if  in 
the  end  they  should  merely  disappear,  and  be  it  remembered  that  in 
his  as  well  as  in  Kofoid  *s  account  of  the  structure  of  the  cysts  no 
reference  is  made  to  the  fate  or  origin  of  the  supporting  structures. 

I  am  quite  willing  to  admit  that  I  have  not  as  yet  been  able  to 
furnish  the  actual  proof  that  the  brush-like  structures  which  Boeck 
looks  upon  as  parabasals  are  in  reality  peristomal  fibrils,  but  be- 
lieve that  the  likelihood  of  such  being  the  correct  interpretation  is 
greater  than  the  probability  of  their  representing  hypertrophied  para- 
basals. A  food  reserve  certainly  does  not  increase  in  quantity  during 
starvation. 

In  conclusion  I  would  state  that  I  have  never  seen  cysts  derived 
from  human  beings  in  whom  two  fully  developed  organisms  could  be 
recognized  within  the  cyst  wall,  which  is  so  common  in  the  case  of  the 
feces  of  meadow  mice  harboring  Giardia  microti.  I  have  never  been 
able  to  observe  any  further  development  in  the  cysts  of  Oiardia  eiv- 
terica  after  they  had  been  voided. 

In  the  past  it  has  been  tacitly  assumed  that  excystment  does  not 
occur  in  the  digestive  tract  of  the  same  individual,  unless  auto-infes- 


GIARDIA   ENTERICA.  467 

tation  takes  place.  In  the  one  case  to  which  I  have  repeatedly  re- 
ferred in  which  what  appeared  to  be  immature  forms  were  present 
in  very  large  numbers,  active  movement  was  noted  within  many  of 
the  cysts  in  the  freshly  voided  stools  and  demonstrated  in  the  labora- 
tory. This  would  sugg^  that  the  small  forms  which  were  present  in 
the  same  stool  were  probably  young  excysted  organisms  and  that  ex- 
cystment  can  actually  occur  within  the  digestive  tract.  Such  an  ob- 
servation, however,  is  certainly  exceptional,  and  it  may  be  questioned 
whether  it  represents  a  normal  process.  Fully  developed  forms 
within  the  cyst  wall  were  not  seen  in  this  case. 

Biometry. 

In  as  much  as  earlier  observers  have  given  widely  different  meas- 
urements for  the  human  type  of  Giardia,  but  without  regard  for  the 
requirements  of  modern  biometry,  and  in  as  much  as  the  study  of 
size  of  these  low  forms  of  life  often  plays  an  important  role  in  in- 
quiries regarding  the  existence  of  species,  it  seemed  to  the  writer 
that  a  careful  investigation  of  this  phase  of  the  problem  was  of  para- 
mount importance.  The  following  factors  were  accordingly  consid- 
ered: In  the  study  of  the  trophozoite:  (a)  the  length  of  the  organism; 
(6)  its  breadth;  (c)  the  relation  of  length  to  breadth  (BL/BB).;  (d) 
the  total  area  of  the  body;  (e)  the  length  of  the  nucleus;  (/)  the 
breadth  of  the  nucleus;  (g)  the  ratio  of  the  length  to  the  breadth  of 
the  nucleus  (NL/NB) ;  (h)  the  area  of  the  two  nuclei  combined;  (i) 
the  relation  of  the  nuclear  area  to 'the  body  area  (BA/NA). 

In  the  case  of  the  encysted  organism  (a)  the  length  of  the  cyst; 
(6)  its  breadth;  and  (c)  the  ratio  between  length  and  breadth  (L/B) 
were  similarly  determined. 

The  material  for  the  study  of  the  trophozoite  was  obtained,  as  in 
the  foregoing  morphological  study,  from  five  different  individuals 
which  have  been  designated  in  the  tables  and  curves  as  Maryland  I, 
Maryland  II,  Maryland  III,  South  Carolina  and  French  respectively. 
The  cyst  material  was  also  obtained  from  five  different  individuals 
which  have  been  designated  as  Maryland  I,  Maryland  III,  and  Mary- 
land IV,  District  of  Columbia  and  Brazil.  Maryland  I  and  III  of 
this  series  were  the  same  individuals  as  Maryland  I  and  III  of  the 
trophozoite  series.  The  number  of  specimens  measured  from  each 
individual  case  is  given  in  the  first  column  of  the  tables  and  in  the 
legends  accompanying  the  curves.  Each  set  of  measurements,  whether 
recorded  in  tabular  or  curve  form,  is  accompanied  by  the  corresponding 
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composite  value.  In  the  table  the  range  between  the  lowest  and  the 
highest  values  is  given,  together  with  the  mean  which  has  been  cal- 
culated not  on  the  basis  of  the  individual  means,  but  upon  the  meas- 
urements of  the  entire  series.  Measurements  of  size  are  expressed  in 
micra,  while  measurements  of  area  have  been  computed  in  square 
millimeters  and  correspond  to  camera  lucida  drawings  of  a  magni- 
fication of  1600  diameters.  The  ratios  expressing  the  relation  of 
length  to  breadth  were  obtained  by  dividing  the  length  by  the 
breadth. 

In  Table  I  are  presented  the  measurements  which  were  obtained  in 
the  study  of  the  body  of  the  trophozoite,  in  Table  II  the  corresponding    , 
measurements  of  the  nuclei,  in  Table  III  the  area  measurements  of  the 
nuclei,  in  Table  IV  the  measurements  of  the  cysts. 

A  study  of  the  measurements  of  the  body  length  in  Table  I  shows 
an  extreme  composite  range  of  11  /x,  viz.,  from  9.25  to  20.25  fu  It  is 
noteworthy  that  the  minimal  ranges  of  the  five  forms  are  small,  viz., 
only  2/4,  while  the  maximal  range  is  much  larger,  viz.,  5fu  The 
range  of  the  means,  on  the  other  hand,  is  also  quite  small,  viz.,  2.79  /i, 
the  mean  values  for  the  five  groups  being  nearer  the  minimal  than  the 
maximal  figure,  viz.,  13.70  /x. 

Earlier  observers  have  given  the  following  ranges  for  body  length, 
but  make  no  mention  of  the  number  of  specimens  that  were  measured ; 
no  determination  of  the  mean  has  been  previously  recorded:  Lambl 
18-21/1.;  Noc  16 /x;  Perroncito  17 /a;  Moritz  and  Holzl  15.5-16.5 /x; 
Roos  15.5-17.5 /It ;  Salomon  10.0-18.0/*;  Piccardi  12 /x;  Rodenwaldt 
10.0-25.0 /x.  It  may  be  added  that  none  of  these  observers  mention 
the  method  of  measuring  which  they  employed,  while  our  own  measure- 
ments were  all  made  from  camera  lucida  drawings. 

A  survey  of  measurements  of  body  breadth  shows  fluctuations 
within  a  narrower  range  than  body  length.  This  is  what  we  would 
expect  in  as  much  as  the  length  in  Giardia  enterica  is  so  much  greater 
than  the  breadth.  The  extreme  composite  range  is  here  5.25  /t,  viz., 
a  range  between  5  and  10.25  /x.  The  mean  values  range  between  6.31 
and  7.87 /t  and  like  the  mean  length  favor  the  lower  side,  giving  a 
composite  mean  of  only  6.6  /x. 

The  figures  given  by  earlier  observers  for  body  breadth  follow: 
Lambl  8.6-11 /x;  Noc  10.0 /x;  Perroncito  10.0-12.0 /x;  Moritz  and  Holzl 
10.0-12.5  a;  Roos  9.0-11.0 /x;  Salomon  7.5-15.0 /x.  These  European 
forms,  so  far  as  length  and  breadth  are  concerned,  thus  seem  to  be 
a  little  larger  than  our  American  forms,  though  this  conclusion  is  not 
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process  takes  place  in  some  of  the  cysts  (copulation  cysts),  v.  Prowa- 
zek  thus  states  **  Occasionally  it  was  noted  that  two  individuals  had 
come  into  apposition  and  had  secreted  a  cyst  wall."  The  four 
nuclei  divided  once  more  and  the  resultant  products  emerged  from  the 
peristomal  border  which  was  visible  within  the  cyst  in  the  form  of  two 
strongly  curved  lines.  Subsequent  changes  could  not  be  followed 
with  certainty.  Bensen's  account  of  cyst  formation  (1908)  was 
evidently  influenced  by  that  of  v.  Prowazek  and  Schaudinn.  He 
states  the  following:  **Cyst  formation  proceeds  in  such  manner  that 
two  individuals  come  into  ventral  apposition  and  then  encyst.  Within 
the  cyst  they  loose  their  flagella  and  a  union  of  the  nuclei  results. 
Further  changes  have,  however,  not  been  observed.''  He  regarded 
these  copulation  cysts  with  two  nuclei  as  characteristic  of  the  human 
form.  Noc  (1909)  states  that  he  was  unable  to  observe  either  copu- 
lation or  autogamy  in  the  cysts.  He  points  out  that  nuclear  division 
within  the  cyst  is  not  necessarily  limited  to  the  binary  type,  but  may 
terminate  in  multiple  division  with  a  corresponding  division  of  the 
cytoplasm.  His  subsequent  account  of  what  occurs  is,  however, 
somewhat  confused  and  his  illustrations  are  unfortunately  so  crude 
that  they  do  not  aid  in  the  elucidation  of  his  meaning.  The  **  corps 
enigmatique"  according  to  Noc  undergoes  longitudinal  cleavage  within 
the  cyst  and  **one  asks  oneself  whether  the  resulting  chromatin 
filaments  may  not  serve  to  regenerate  the  posterior  flagella  of  the 
daughter  giardias  within  the  cyst. ' ' 

Rodenwaldt  (1912),  as  I  have  stated,  has  given  the  first  detailed 
account  of  the  structure  of  the  human  cysts.  Concerning  the  ex- 
istence of  copulation  and  autogamy  cysts,  as  described  by  earlier 
writers,  he  thinks  that  such  an  assumption  **  seems  somewhat  audacious 
in  view  of  the  imperfect  illustrations  which  have  been  furnished." 
He  himself  is  willing  to  admit  only  * '  that  he  has  evidence  of  division 
into  two."  *'Some  of  the  earlier  stages  of  division,"  as  he  has  seen 
them,  **  resemble  the  pictures  of  autogamy  cysts  of  various  observers 
and  some  of  the  more  advanced  stages  the  so-called  copulation  cysts." 
An  outline  of  Rodenwaldt 's  own  findings  follows:  Cyst  formation  is 
preceded  by  the  appearance  of  a  dense  layer  of  fine  granules  beneath 
the  arched  dorsal  surface;  at  the  same  time  this  latter  increases  in 
size.  The  dorsal  portion  of  the  animal  extends  ventrally  over  the 
sides,  with  the  result  that  the  contents  of  the  peristome  become  folded 
in  more  and  more.  Rodenwaldt  assumes  that  the  cyst  wall  is  formed 
from  the  granules  just  mentioned,  because  they  disappear  completely 
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oos  9.0-12.0  Pi  length,  7.5-10.0  ,i  breadth ;  5.0-7.5  p.  breadth.  TheBe 
lines  agree  moTe  closely  with  our  own,  but  as  has  been  said  before 
:e  earlier  observers  have  not  recorded  the  number  of  cases  studied, 
)r  the  number  of  specimens  that  were  measured,  nor  the  method  of 
easurement  that  was  used. 

To  turn  now  to  a  consideration  of  the  various  curves  the  writer 
ould  state  that  they  have  been  introduced  in  this  paper  largely  as  a 


Bra&dth  of  body  Id  Blora. 

CUBVB  2.     Showing  tbe   frequency   values  ia   percentage  terms   of  the  bodj 

ladth  of  the  aame  specimens   of   Giardia   cnlerica  whose  length   has  been  rd- 

rded  in  Cnrve  1,  together  with  the  corresponding  composit*  values   (f).     The 

laaurements  are  given  in  miera. 
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matter  of  record,  and  to  serve  as  basis  for  a  subsequent  comparative 
study  of  the  human  and  the  rodent  types  of  Giardia.  It  will  accord- 
ingly suffice  to  emphasize  at  this  place  only  the  most  striking  features. 
A  glance  at  Curve  1  will  show  that  the  modes  expressing  the 
length  of  the  trophozoites  from  the  individual  cases  differ  but  little 
from  the  composite  mode,  the  greatest  difference  being  noted  in  Mary- 
land III  where  it  amounts  to  2  /a,  while  in  the  remaining  four  cases  it  is 
only  about  1  /x  or  less.  On  first  view  of  the  curves  one  might  be 
tempted  to  speak  of  the  existence  of  races  of  Qiardin  enterica,  but 
while  such  may  be  shown  to  occur,  the  number  of  specimens  that  have 
been  examined  for  the  purpose  of  constructing  the  composite  curve  is 
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jRatio  of  body  length  to  body  breadth. 
Curve  3.     Showing  the  frequency  values  in  percentage  terms  of  the  reUti<ni 
between   body   length  and   body   breadth    (BL/BB)    of   the   same   specimens  of 
Giardia   enterica,   whose   length    has    been    recorded    in   Curve    1,    together  ^i^i 
the  corresponding  composite  values   (f). 


GIABDIA   ISNTESBICA. 


477 


o 


a* 


^        C 


o 

«-• 
o 


o 

o 

A 

00 

CO 

a 

a* 

m 

s 

"^ 

•FN 

4 

> 

0) 

04 

00 

D 

O 

eg 

«H 

o 

«=<   ^   cs 

'd  g  5 


93«l^U00J^ 


478 


CHARLES  B.    SIMON. 


certainly  oot  sufficient  to  warrant  this  conclusion.  As  Id  the  cue 
of  the  means  the  modes  also  lie  nearer  the  lower  than  the  higher  Tslnei. 
It  is  clear,  however,  that  there  is  a  considerable  range  in  size  in  tiie 
length  values  and  that  this  factor  alone  cannot  play  an  importint 
rdle  in  a  study  of  species.  A  small  number  of  measurements  wonld 
have  but  little  meaning. 

In  Curve  2  are  shown  the  frequency  values  in  reference  to  breadth. 
It  is  clear  that  the  differences  occurring  here 'are  far  less  than  thae 
in  the  length  of  the  organism,  and  we  accordingly  have  much  Eteeper 
and  more  uniform  curves.    The  deviations  of  the  individoal  mods 


CuBVE  5.  Showing  the  froquciicy  values  in  percentage  terms  of  the  ontW' 
length  of  250  specimens  of  Giardia  enterica,  obtained  from  the  same  indivii'"'' 
(a,  b,  c,  d  and  c},  together  witli  the  composite  values  (f).  The  meaaureino''' 
Are  given  in  micra. 
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side,  crossing  over  the  posterior  surface  of  the  tail.    Such  specimens 
look  as  though  the  animal  were  covered  with  an  oval  shell,  like  a  turtle. 

Rodenwaldt,  who  maintains  the  existence  of  two  axostyles  running 
to  the  caudal  end  of  the  body  from  a  pair  of  basal  granules  lying  in 
the  depth  of  the  cytostome  between  and  a  little  anterior  to  the  anterior 
poles  of  the  nuclei,  regards  these  as  the  '*  Hauptstiitzfibrillen, "  the 
principal  supporting  fibrils  of  the  animal.  The  writer  does  not  share 
this  view.  The  writer,  like  Rodenwaldt,  maintains  the  existence  of 
two  **  axostyles,''  but  in  his  estimation  these  are  too  delicate  to  serve 
as  supporting  structures,  and  he  looks  upon  them  purely  as  true 
intracytoplasmic  continuations  of  the  caudal  fiagella.  In  some  speci- 
mens, particularly  such  as  have  not  been  suflSciently  destained,  the 
caudal  halves  of  these  structures  are  seen  in  close  apposition  and  may 
then  suggest  a  single  body,  but  from  the  level  of  the  parabasal  body 
forward  into  the  vestibule  one  can  always  see  two  fine  lines  which 
pursue  a  parallel  course,  the  interval  between  which  is  always  clear 
and  distinct.  In  most  thoroughly  destained  specimens  there  is  no 
difSculty  in  distinguishing  the  course  of  these  two  lines  posteriorly 
where  they  end  not  in  one,  but  in  two  basal  granules.  (We  shall 
revert  to  this  question  a  little  later  on  when  discussing  the  neuro- 
motor apparatus  in  detail.) 

To  recapitulate,  the  writer  would  look  upon  the  periplast  of  the 
organism  as  an  important  supporting  structure  in  itself.  This  is 
thickened  along  the  inner  and  possibly  the  outer  border  of  the  lateral 
shields,  and  to  some  extent  along  the  lateral  border  of  the  tail.  De- 
rived from  it,  no  doubt,  are  the  four  separate  fibrils  which  run  along 
the  border  of  the  cytostome,  viz.,  the  two  anterior  and  the  two  posterior 
peristomal  fibrils.  These  are  separate  and  apart  from  the  neuro- 
motor apparatus,  which  we  shall  now  consider. 

The  neuro-motor  apparatus. — The  neuro-motor  apparatus  of  the 
organism  is  composed  of  two  nuclei,  a  number  of  centrally  located 
basal  granules  connecting  with  the  nuclei  by  means  of  rhizoplasts, 
four  pairs  of  fiagella,  and  peripherally  located  basal  granules  (see 
Text  figure  1). 

The  two  nuclei  are  seen  in  the  depth  of  the  cytostome.  Their 
anterior  poles  converge  slightly  toward  the  longitudinal  axis  of  the 
animal.  Seen  en  face,  as  well  as  from  the  side,  they  are  oval  in  form. 
The  chromatin  in  the  resting  nucleus  is  gathered  into  a  round  or  oval 
karyosome  which  is  united  to  a  fairly  large  somewhat  crescentic  ap- 
pearing mass  of  chromatin,   which   is  apparently  attached  to  the 
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well  88  tt&e  eompotite,  eorrespond  to  the  same  ratio  betweoi  the  tiro 
factors. 

What  has  beoi  said  in  reference  to  the  variations  in  the  length  of 
the  organism  applies  also  to  the  variations  in  the  total  body  area,  tf 
is  clear  from  a  study  of  Curve  4.  The  differences  in  the  values  ob- 
tained are  naturally  more  striking  than  the  mere  differences  in  length. 
Maryland  Ill's  mode  for  body  area,  like  its  mode  for  length,  is  strik- 
ingly small,  and  one  is  certainly  tempted  to  locdr  ui>on  this  as  a  nee 
differing  from  the  rest. 
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Batio  of  nuclear  length  to  nuclear  breadth  (  —      ) 
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CuBVE  7.  Showing  the  frequency  values  in  percentage  terms  of  the  P^^^ 
between  nuclear  length  and  nuclear  breadth  (NL/NB)  of  the  same  speeimenfl  ^^ 
Giardia  enterioa,  whose  length  has  been  recorded  in  Curve  7,  together  with  th^ 
corresponding  composite  values  (f). 

Curves  5,  6  and  7  have  reference  to  the  length,  breadth  and  th^ 
ratio  between  the  length  and  the  breadth  of  the  nucleus ;  as  would  ^ 
expected  in  such  small  structures,  the  values  show  very  little  variation- 
The  modes  expressing  length  and  breadth  practically  correspond  to 
the  same  measurements,  viz.,  to  a  length  of  2.0-2.5  fi  and  a  breadth 
of  1.3-1.6  fi.    The  modes  of  the  ratios  are  not  as  high  as  those  of  the 
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CUBVB  8.  ShowiDg  the  frequency  values  in  percentage  terms  of  the  areft  of 
I  two  nuclei  of  the  same  apecimeiiH  of  Giardia  enteriea,  whose  body  aiea  has 
m  recorded  in  Carre  4,  together  with  the  corresponding  eompoaite  yaluea.  The 
aiorementE  aie  given  in  terms  of  square  millimeterH,  and  have  reference  to  the 
ne  camera  lueida  drawings  aa  in  Curve  4. 


482 


CHARIiBS  E.  SIMON. 


OO         CO 
CO        CO 


c8 
o 
u 
at 

>* 

o 


»4 

.2 

c 
o 


— r 

<J-       «*       O       OO       to        ^ 
CO       fO       m       c\j       oj       cs2 


S 


CS 


0 

2  « 

d  & 

G 


»  d  5 

2  2  > 


0  e 


X 


0 

S 

'J 


0  2  " 


ft 

o 


h 
0 

c 

s  2 


'li 


9 

»: 
>- 


'1       -^       ^ 


esvi^uoojeti 


GIARDIA   ENTEBICA. 


461 


Nuclear  phase. 

Parabasal  body. 

Appearance  of 

azostyles. 

1.  Quiescent 

Full  size 

Distinctly  double  to  caudal  termination. 

2.          "        

Almost  gone 

tt 

tt 

tt 

tt 

tt 

3.          "        

Absent 

it 

tt 

tt 

tt 

tt 

4.  Eight  granules  in 
parallel  rows . . . 

Full  size 

tt 

tt 

tt 

tt 

tt 

5.  Eight  granules  in 
parallel  rows . . . 

Absent 

ft 

tt 

tt 

tt 

tt 

6.  Late  prophase 

(t 

tt 

tt 

tt 

tt 

ft 

7.  Late  prophase 

Full  size 

tt 

tt 

tt 

tt 

tt 

8.  Late  anaphase 

Full  size 

tt 

tt 

ft 

tt 

tt 

ti»                          .... 

Almost  gone 

tt 

ti 

it 

tt 

tt 

10.  Metaphase 

Full  size 

tt 

tt 

tt 

tt 

tt 

Sometimes  the  body  in  question  stains  deeply,  at  other  times  scarcely 
at  all.  Sometimes  its  length  equals  or  even  exceeds  that  of  the 
nucleus;  at  other  times  it  is  so  small  as  to  be  scarcely  discernible. 
The  body  is  thus  evidently  not  of  a  permanent  nature,  or  perhaps  it 
would  be  more  appropriate  to  say  the  staining  substance  is  not  of  a 
permanent  nature.  The  fact,  however,  that  when  this  staining  sub- 
stance is  present  it  always  seems  to  occupy  the  same  position  suggests 
the  continued  presence  of  a  structure  in  which  the  staining  substance 
is  temporarily  stored.  Boeck  (1919)  has  also  come  to  this  conclusion 
during  his  study  of  rodent  forms.  He  states :  *  *  In  about  half  of  the 
flagellates  the  parabasal  bodies  appeared  to  be  situated  upon  or  in  a 
definite  area  of  the  cytoplasm,  limited  by  a  membrane-like  structure." 
This  writer  found  that  on  staining  with  acid  fuchsin  and  methyl 
green  the  bodies  appeared  red  and  the  chromatin  of  the  nuclei  green, 
while  in  specimens  stained  with  basic  fuchsin  the  parabasals  were  not 
stained  at  all.  With  Wright's  stain  I  found  that  the  structures  took 
the  red  in  the  same  tone  as  did  the  nuclei  and  the  flagella.  With 
Mann's  eosin-methyl  blue  mixture  they  were  colored  red,  as  were  the 
karyosomes  of  the  nuclei. 

On  staining  Schaudinn  preparations  with  Lugol's  solution,  Boeck 
found  that  a  certain  number  showed  a  mahogany  colored  mass  **  fill- 
ing all  the  parabasal-plasm,''  and  he  concludes  that  the  function  of 
the  bodies  is  to  secrete  glycogen  which  is  retained  for  subsequent  use 
in  the  parabasal-plasm.  While  the  writer  agrees  with  Boeck  that  the 
contents  of  the  parabasals  may  be  composed  of  glycogen,  he  does  not 
believe  that  the  iodine  test  alone  can  be  viewed  as  a  criterion  of  the 
presence  or  absence  of  glycogen.  It  should  be  borne  in  mind  that  the 
so-called  glycogen  vacuoles  of  certain  amoebae  are  not  stained  by  iron- 
haematoxylin. 
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L  the  composite  mode  is  evidently  the  expresuon  of  the  greater 
and  variability  in  the  length  of  the  oi^;aiiiBm. 
'urves  10,  11  and  12  have  reference  to  the  variations  in  the  fre- 
cy  valaea  of  the  length,  breadth  and  the  ratio  between  length  and 
Jth  of  the  cysts. 

'urve  10  shows  a  smaller  range  in  the  length  of  the  cysts  and  a 
r  approach  to  the  composite  on  the  part  of  the  individual  modes 
do  the  corresponding  values  for  the  length  of  the  trophozoite. 


Batio  of  length  to  breadth  (p^) 


^BTK  12.  Bhoning  the  frequencj  values  in  percentage  terms  of  the  Telatian 
Kn  cjBt  length  and  cyst  breadth  (CL/CB)  of  the  some  Bpeeimeiis  of  GionKa 
iea,  whose  length  haa  been  recorded  in  Curve  10,  together  with  the  eor- 
nding  composite  values  (f). 
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The  breadth  values  are  shown  in  Curve  11  and  are  even  more  con- 
stant than  those  denoting  the  length  of  the  cysts.  The  same  is  true 
of  the  ratios.  The  fluctuations  of  these  latter  are  little  more  extensive 
than  those  in  the  case  of  the  trophozoites.  Of  special  interest  is  a 
comparison  of  the  values  found  for  Maryland  I  and  Maryland  HI, 
which  are  represented  in  the  two  series.  The  modes  for  the  ratios  of 
these  two  forms  is  practically  identical  for  the  cysts  and  the  tropho- 
zoites. 

Summary. 

The  trophozoite  of  Oiardia  enterica  in  ventral  or  dorsal  view  pre- 
sents a  pear-shaped  appearance,  the  broad  rounded  portion  corre- 
sponding to  the  anterior  end  and  the  attenuated  fusiform  portion  to 
the  posterior  end.  The  ventral  surface  presents  a  cup  like  depression 
which  occupies  the  greater  portion  of  the  anterior  half  of  the  body— 
the  cytostome.     The  dorsal  surface  is  arched. 

The  cytoplasm  shows  a  delicate  alveolar  structure  and  is  covered 
by  a  periplastic  layer  which  appears  denser  along  the  dorsal  surface 
and  its  triangular  lateral  extensions  toward  the  ventral  surface — ^thc 
lateral  shields.  The  ventral  covering  of  the  depressed  diamond- 
shaped  portion  of  the  body  between  the  lateral  shields  and  extending 
to  the  tip  of  the  tail,  as  well  as  the  lining  of  the  cytostome,  appears  to 
be  more  delicate.  The  cytostomal  margin  is  stiffened  by  definite 
fibrils,  of  which  there  are  four,  viz.,  two  anterior  and  two  posterior 
peristomal  fibrils.  Between  the  anterior  arched  end  of  the  organism 
and  the  anterior  peristomal  fibrils  is  a  shallow  groove.  The  anterior 
and  posterior  fibrils  are  not  continuous  with  each  other,  leaving  be- 
tween them  a  lateral  **  joint/'  The  inner  margins  of  the  lateral 
shields  are  bordered  by  periplastic  ridges  or  fibrils  which  run  forward, 
increasing  in  thickness,  and  reaching  their  greatest  bulk  within  the 
vestibule,  viz.,  the  narrow  passage  which  leads  from  the  depressed 
diamond-shaped  area  into  the  cytostome. 

The  nuclei  are  two  in  number  and  located  in  the  cytoplasm  dorsal 
to  the  cytostome.  They  are  elliptical  in  the  resting  stage  and  pro- 
vided each  with  a  karyosome,  whence  a  fine  linin  fibril  leads  to  a  mass 
of  chromatin  which  occupies  a  position  along  the  anterior  pole  of  the 
nucleus  and  possibly  represents  a  centrosome.  There  is  a  definite 
nuclear  membrane,  but  no  peripheral  chromatin.  From  each  centro- 
some a  rhizoplast  curves  slightly  forward  and  inward  to  a  granule, 
the  blepharoplasts,  of  which  there  are  two  during  the  ordinary  vege- 
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tative  state  of  the  animal.  The  two  blepharoplasts  are  united  with 
each  other  by  a  small  fibrillar  arch  which  carries  a  grannie  in  the 
center — the  interblepharoplastic  grannie. 

The  flagella  are  eight  in  number,  arranged  in  pairs.  The  antero- 
laterals originate  from  the  blepharoplasts.  After  first  arching  out- 
ward in  their  forward  course  they  converge  and  cross  in  the  "chiasm," 
where  a  granule  can  often  be  made  out.  They  then  run  within  the 
cytoplasm,  apparently  in  the  anterior  groove  and  obscured  by  the 
anterior  peristomal  fibrils.  They  emerge  from  the  body  at  the  outer 
terminal  ends  of  the  latter,  coming  apparently  from  a  basal  granule. 
The  posterolaterals  likewise  originate  from  the  blepharoplasts,  run 
along  obscured  by  the  periplastic  fibrils  of  the  ** shields,'*  and  emerge 
where  these  terminate.  No  basal  granules  can  be  seen  at  these  points. 
The^caudal  flagella  pursue  a  straight  though  convergent  course  from 
the  blepharoplasts  to  two  basal  granules  at  the  tip  of  the  sometimes 
bifurcated  tail.  Their  intracystoplasmic  portions  are  the  '*  axo- 
styles,'*  of  which  there  are  accordingly  two.  The  ventral  flagella 
originate  from  two  basal  **  rods  ''  which  are  apparently  attached  to 
the  **  axostyles,'*  one  to  each,  at  points  just  within  the  entrance  to 
the  '  •  vestibule. ' ' 

A  little  posterior  to  the  point  of  origin  of  the  ventral  flagella  and 
dorsal  to  the  axostyles,  within  the  cytoplasm,  lies  the  **  parabasal 
body.'*  When  fully  developed  this  is  club-shaped,  and  in  stained 
preparations  usually  occupies  an  oblique  position  to  the  long  axis  of 
the  body.  In  many  specimens  it  is  small,  indistinct  or  apparently 
absent. 

A  biometric  study  of  the  trophozoites  of  Giardia  enterica  from  five 
different  individuals  gave  the  following  results: 

In  the  encysted  state  the  organism  usually  presents  an  oval,  less 
commonly  a  rounded  form.  The  cyst  wall  is  dense,  doubly  contoured 
and  highly  refractive.  Within  the  cyst  wall  the  organism  undergoes 
various  changes  associated  with  its  division,  and  the  appearance  of  the 
contents  hence  varies  accordingly.  In  the  vast  majority  of  cysts  four 
nuclei  can  be  discerned;  they  are  here  round,  not  oval.  They  are 
usually  grouped  together,  but  in  some  specimens  two  of  the  nuclei  may 
be  seen  **  migrating  ''  toward  the  posterior  pole.  In  most  specimens, 
even  though  nuclear  division  has  taken  place,  only  two  blepharoplasts 
can  be  seen  which  are  still  united  by  the  arched  fibril  carrying  its 
central  granule.  The  connection  with  the  nuclei  has  apparently  been 
lost.     The  cytoplasmic   portions  of  the  antero-  and   postero-lateral 
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flagella  are  distinct  and  no  longer  obscured  by  periplastic  fibrils  or 
ridges.    The  *' axostyles  *'  also  are  seen  without  diflSculty.    Partial 
division  of  these  structures  is  sometimes  suggested  in  appearance,  but 
can  not  be  made  out  with  certainty.     The  cytostome  has  disappeared 
and  the  periplastic  fibrils  (peristomal  and  border  ridges  of  the  shields) 
have  lost  their  usual  position  and  connection.    Within  the  cytoplasm 
there  appear  markedly  curved  fibrils,  each  ending  apparently  in  a 
granule  and  arranged  in  two  sets  of  four  each,  which  the  writer  is 
inclined  to  view  as  the  free  peristomal  fibrils  (evidently  division  of 
these  must  take  place  quite  early  following  encystment).     The  slightly 
arched  long  and  deeply  staining  fusiform  rods  which  are  seen  in  every 
specimen  may  possibly  represent  the  freed  border  ridges  of  the  shields. 
The  parabasal  body  reco^izable  as  such  is  absent  in  cysts.    Occa- 
sionally, though  rarely,  one  meets  with  deeply  staining  coarsely  gran- 
ular masses  scattered  through  the  cystoplasm.    Whether  these  are  it- 
rivatives  of  the  parabasal  body  is  not  known. 


TABLE    V. 
Composite  biomeiric  values  for  the  trophozoite  of  Giardia  enterica. 


Range 

of 
length. 


Range 

Range 

Mean. 

Mode. 

'      of 
breadth. 

Mean. 

Mode. 

of 
L./B. 

Mean. 

Mode. 


A,  Body: 


9.25-20.25    13.70   13.0-14.0 


5.0-10.25 


6.6      7.0-8.0 


1.4-2.3       1.84       1.8-1.9 


B.  Niicleus: 


1.5-3.0        2.14      2.0-2.5 


1.0-2.0   I  1.49     1.3-1.6 


C.  Area  values: 


1.0-2.1        1.36       1.4-1.6 


Body  Area.' 

Nuclear  Area. 

Body  Area/Nuclear  Area. 

1 
Range.         Mean.           Mode. 

Range,     i  Mean.         Mode. 

1 
Range.       Mean.        Mode. 

85.0-275.0  156.0    160.0-180.0 

7.5-32.5     16.0  ,15.0-20.0 

4.5-25.0     10.7     8.5-10.O 

A  biometrical  study  of  encysted  forms  of  Oiardia  enterica  gave  the 
following  results: 
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TABLE    VI. 
CompoHte  values  for  the  cysts  of  Giardia  enlerioa. 


lenicth. 


Mean. 


Mode. 


8.0-14.0    !  10.7    11.0-12.0 


Range 

of 

breadth. 


Mean. 


6.0-10.0  I  7.47 


Mode. 


8.0-9.0 


Range 
of 


Mean,  i      Mode. 


1.0-2.0      1.37  i  1.4-1.6 


In  conclusion  it  is  the  writer's  most  agreeable  duty  to  express  his 
deep  appreciation  to  Dr.  Robert  W.  Hegner,  the  Director  of  the  De- 
partment of  Medical  Zoology  at  the  School  of  Hygiene,  for  his  many 
acts  of  courtesy  and  his  valuable  aid  and  suggestions  which  were  so 
freely  offered  in  the  course  of  the  above  study. 
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EXPLANATION    OF    PLATES. 
Plate  XXII. 

Fig.  1.     Reproduction  of  Lambl 's  first  drawings,  published  in  1859. 

Fig.  2.  Lambl 's  more  detailed  illustrations  of  1860.  Note  g  which  evidently 
represents  a  cyst. 

Figs.  3  and  4.  Grassi^s  earliest  illustrations  of  Giardia  enterica  (1883).  Note 
the  cyst  pictured  in  Fig.  4b  and  the  origin  of  the  flagella  in  Fig.  4a. 

Fig.  5.  Bohne  and  v.  Prowazek's  illustrations  of  Giardia  enterica  (1908). 
Note  their  conception  of  the  origin  of  the  various  flagella  as  pictured  in  6;  c  rep- 
resents a  cyst. 

Plate  XXIII. 

Fig.  1.     Bensen*8  illustration  of  the  type  of  Giardia  occurring  in  man  (1908). 

Fig.  2.  Two  redrawn  sketches  from  Noc;  a  represents  the  trophozoite,  h  t 
cyst  (1909). 
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necessarily  correct,  in  as  much  as  the  writers  mentioned  do  not  give 
any  details  regarding  the  number  of  specimens  that  were  measured 
nor  the  method  of  measurement  which  was  employed. 

The  values  of  the  ratio  between  length  and  breadth,  it  will  be  noted, 
are  remarkably  constant,  which  would  indicate  that  there  is  a  definite 
correlation  between  the  two.    Figures  for  comparison  do  not  exist. 

A  study  of  the  body  area  values  and  a  comparison  with  the  corre- 
sponding figures  for  body  length  and  body  breadth  shows  that  the 
fluctuations  here  are  no  doubt  largely  dependent  upon  the  variations 
in  the  former.  These  measurements  were  made  more  particularly 
for  the  purpose  of  future  comparative  studies  and  need  not  be  further 
considered  at  this  place.  It  may  be  mentioned,  however,  that  thus  far 
no  area  measurements  have  been  published  in  the  study  of  any  form 
of  Giardia. 

The  nuclear  measurements  likewise  need  not  be  considered  in 
detail  at  this  place ;  they  also  are  here  recorded  only  for  future  pur- 
poses. It  will  be  noted  that  in  Table  II  the  same  forms  of  measure- 
ments are  presented  as  were  recorded  in  Table  I  in  the  study  of  the 
body  of  the  organism.  The  area  values  in  conformity  to  the  length 
and  breadth  values  are  very  constant,  which  no  doubt  is  in  part  due 
to  the  minute  size  of  these  structures. 

In  Table  III  the  body  and  nuclear  area  values  have  been  re- 
assembled and  their  ratio  to  each  other  determined.  These  figures 
show  that  the  area  of  the  body  as  a  whole  is  from  8.6  to  12.7  times 
larger  than  the  area  occupied  by  the  two  nuclei  together.  These  values 
also  are  largely  intended  for  future  comparative  studies. 

In  Table  IV  measurements  of  Giardia  enterica  cysts  are  presented. 
These  show  a  greater  constancy  than  the  corresponding  measure- 
ments of  the  trophozoite.  The  length  range  between  the  lowest  values 
of  the  five  series  is  thus  only  1  /*,  and  that  between  the  highest  values 
only  1.5  ft,  giving  a  mean  range  of  only  0.5/*,  as  contrasted  with 
2  /x,  5  /Li  and  2.79  fi  respectively,  in  the  case  of  the  trophozoite.  This 
would  suggest  that  for  comparative  purposes  the  study  of  the  cysts 
may  prove  of  greater  importance  than  that  of  the  trophozoites — at 
least  in  so  far  as  the  factor  of  length  is  concerned.  The  composite 
range  for  length  was  8.0-14.0  /*  (mean  6),  for  breadth  6.0-10.0  /x  (mean 
7.47),  and  for  the  ratio  between  length  and  breadth  1.0-2.0 /n  (mean 
1.37). 

Earlier  investigators  have  given  the  following  values  for  the  en- 
cysted form :  Moritz  and  Holzl  10.0-13.5  /*  length,  10.0-10.5  fi  breadth ; 
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Fig.  3.  Beproduction  of  one  of  Rodenwaldt's  two  indistinct  drawings  of  the 
rophozoite  (compare  the  text  description)   (1912). 

Fig.  4.  One  of  a  pair  of  dividing  organisms  from  Wenyon  and  O'Connor, 
bowing  their  conception  of  the  structure  of  the  organism  (1917). 

Plate  XXIV. 

Fius.  1-5.  Reproductions  of  Bodenwaldt 's  drawings  of  cysts  of  Giardia  en- 
vrica,  showing  the  division  and  migration  of  the  nuclei.  Note  the  'skeins'  repre- 
mting  the  peristomal  fibrils  and  the  'guiding  rods'  supposedly  of  parabasal 
rigin  (the  latter  pictured  in  2  and  4)   (1912). 
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matter  of  record,  and  to  serve  as  basis  for  a  subsequent  comparative 
study  of  the  human  and  the  rodent  types  of  Giardia.  It  will  accord- 
ingly suffice  to  emphasize  at  this  place  only  the  most  striking  features. 
A  glance  at  Curve  1  will  show  that  the  modes  expressing  the 
length  of  the  trophozoites  from  the  individual  cases  differ  but  little 
from  the  composite  mode,  the  greatest  difference  being  noted  in  Mary- 
land III  where  it  amounts  to  2  fi,  while  in  the  remaining  four  cases  it  is 
only  about  Ifi  or  less.  On  first  view  of  the  curves  one  might  be 
tempted  to  speak  of  the  existence  of  races  of  Giardia  enterica,  but 
while  such  may  be  shown  to  occur,  the  number  of  specimens  that  have 
been  examined  for  the  purpose  of  constructing  the  composite  curve  is 
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Ratio  of  body  length  to  body  breadth. 

Curve  3.  Showing  the  frequency  values  in  percentage  terms  of  the  relation 
between  body  length  and  body  breadth  (BL/BB)  of  the  same  specimens  of 
Giardia  enterica^  whose  length  has  been  recorded  in  Curve  1,  together  with 
the  corresponding  composite  values   (f). 
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d^enerative  changes  as  those  which  occurred  m  stained  cysts.    This 
was  true  for  all  the  different  species  of  cysts 

It  was  first  noticed  that  the  naclei  became  distinct,  that  the 
cytoplasm  appeared  more  coarsely  granular  and  that  slight  plas- 


FlO.  1.  E.  eoli  tyat  (dead).      X  1S60      Degeneration  has  resulted  in  the  proaeniW 
of  tbe  9  zones  in  the  cytoplasm 

molysis  took  place.  Later  on  plasmolysis  increased  and  in  the 
Endamoeba  coli  cysts  the  3  characteristic  zones  developed  as  de- 
scribed above  (Pig.  1).  The  final  stages  of  degeneration  were  similar 
to  those  which  occurred  in  the  stained  cysts.  These  degenerative- 
chaises  took  place  in  cysts  which  had  been  kept  in  a  favorable  en- 
vironment (in  a  bottle  containing  distilled  water)  for  several  months;, 
and  at  all  times  they  refused  to  take  up  the  eosin  stain. 

But  again,  aimilar  changes  occurred  within  only  a  few  days,  when 
the  cysts  were  in  an  unfavorable  environment  such  as  a  stool  not 
washed,  or  in  cultures,  in  both  of  which  there  was  an  abundant 
bacterial  growth  resulting  in  the  elaboration  of  putrefactive  prod- 
ucts of  decomposition  which  hastened  the  degeneration  of  the  cysts 
and  led  to  the  latter's  early  death. 

Prom  the  work  of  Yoshida  (1920)  on  the  reproduction  m  vitro 
of  Endamoeba  tetragcna  (histolytica)  and  Endamoeba  coli  from 
their  cysts,  we  note  tliat  many  of  the  cysts  which  excysted  had  de- 
generated to  a  great  extent  and  had  plasmolized,  for  the  cysts  were 
described  as  possessing  "a  space,  small  or  large  .  .  .  between  the 
outer  membrane  and  the  cytoplasm,"  the  dimen/^ions  of  which  varied 
greatly,  "the  largest  observed  being  about  half  the  size  of  the  cysts." 
Certainly  such  changes  were  signs  of  degeneration  similar  to  those 
observed  in  the  cysts  from  the  bottles,  both  those  which  stained  with 
eosin,  and  those  which  remained  refractive. 

The  question  then  arose,  are  all  cysts  alive  which  show  marked 
degenerative  changes  and  do  not  take  up  the  eosin  stain  T  This  ques- 
tion is  answered  by  making  furtlier  reference  to  the  experiments  of 
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Toshida.  Just  as  3  zones  occurring  in  degenerated  cysts  of  Enda- 
moeha  coli  were  noticed  by  the  author,  so  were  cysts  possessing  these 
changes  found  by  Yoshida  in  his  cultures  (see  Yoshida,  1920,  pi.  29; 
Figs.  1,  11,  12).  On  one  occasion,  he  observed  the  escape  of  the 
central  core  of  protoplasm  in  one  of  these  degenerated  cysts  upon 
the  removal  of  the  cyst  wall.  He  questioned  the  viability  of  the 
freed  protoplasmic  mass,  presumably  one  is  led  to  believe,  from  the 
fact  that  it  was  motionless,  as  contrasted  with  the  other  motile  ex- 
cysted  amoebae  in  his  cultures. 

We  are  led  to  conclude,  therefore,  that  those  cysts  which  show 
such  marked  degenerative  changes,  as  very  extensive  plasmolysis  and 
the  possession  of  only  a  central  core  of  cytoplasm,  and  in  E,  eoli  cysts 
3  or  less  protoplasmic  zones  of  degeneration,  are  dead  (altho  they 
do  not  stain  with  eosin,  as  Yoshida  observed),  for  were  soeh  cysts 
alive  then  the  one  which  Yoshida  saw  excyst,  would  have  Kberated 
a  motile  amoeba  as  many  of  his  other  cysts  did  which  no  doubt  had 
not  degenerated  to  the  same  extent. 

This  bit  of  experimental  evidence  furnishes  the  best  answer  to 
date,  to  the  question  whether  or  not  all  dead  cysts  stain  with  eosin- 
solution.  And  when  we  consider  that  Yoshida  found  that  most  of 
the  amoeba  obtained  in  his  cultures  were  the  resuH  of  excystation 
which  was  characterized  by  a  ''disintegration  and  dissolution  of  the 
cyst  wall, ' '  we  are  also  furnished  with  data  to  prove  that  cysts  may 
undergo  de^^eneration  to  the  extent  that  their  nuclei  become  visible, 
their  cytoplasm  more  coarsely  granular  and  less  refractive,  and 
that  they  may  undergo  some  plasmolysis  and  still  be  viable  and 
capable  of  excystation,  but  that  those  cysts  are  dead  in  which  more 
extensive  degenerative  changes  occur,  such  as  alteration  of  the  cyto- 
plasm into  zones  as  in  Evdanweha  coli,  and  plasmolysis  to  the  extent 
that  only  a  central  core  of  protoplasm  remains  in  other  species.  We 
can  look  upon  sli<2:ht  chanp^es  as  early  degenerative  phenomena,  but 
upon  marked  chanj:res  as  certain  signs  of  death,  even  altho  these 
chan<?es  occur  in  cysts  which  do  not  stain  in  the  eosin-solution. 

Criterion  of  viability. 

All  the  data  rejrarding  the  longevity  of  the  cysts  which  will  be 
presented  in  the  following  portion  of  this  paper  were  collected  with 
the  understanding?  that  those  cysts  were  (dive  which  did  not  stain  in 
eosin-solntion  and  sliowed  but  little  or  no  plasmolysis  and  little  or 
no  loss  in  refraetivity,  w^hile  those  cysts  which  stained  in  eosin-solu- 
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tion  or  remained  unstained,  but  were  markedly  degenerated  as  de- 
scribed above  were  held  to  be  dead.  By  supplementing  the  eosin- 
eriterion  of  viability  in  this  way  with  direct  observation  on  the 
morphological  changes  which  were  present,  it  is  believed  that  an 
almost  certain  differentiation  was  possible  between  dead  and  living 
cysts. 

Technique. 

It  has  been  shown  by  Kuenen  and  Swellengrebel  (1913)  and 
Boeck  (1921)  that  the  presence  of  bacteria  and  the  chemical  prod- 
ucts of  putrefaction  exert  a  deleterious  influence  upon  the  vitality 
of  the  cysts ;  the  different  species  of  protozoan  cysts  were  accordingly 
prepared  so  as  to  be  comparatively  free  from  these  factors,  by  wash- 
ing the  stools  containing  the  cysts. 

The  washing  of  the  stool  was  accomplished  as  follows :  The  stool 
was  immersed  in  distilled  water  and  comminuted  with  a  mechanical 
mixer.  It  was  then  strained  through  a  couple  of  layers  of  bolting- 
cloth  which  removed  the  coarse  fecal  matter.  The  filtrate  was  al- 
lowed to  stand  for  a  few  hours,  during  which  time  the  cysts  fell  to 
the  bottom  of  the  container.  The  supernatant  fluid  containing  bac* 
teria  and  water-soluble  putrefactive  products  was  drawn  off  and 
more  distilled  water  added.  This  procedure  was  repeated  several 
times  until  the  supernatant  fluid  was  no  longer  colored  or  turbid, 
and  then  the  cysts  were  transferred  to  a  bottle  with  50  to  100  c.c.  of 
distilled  water,  and  kept  in  a  cool  place  where  the  temperature 
varied  from  12**  to  22°  C.  This  low  temperature  inhibited  excessive 
bacterial  growth  and  retarded  putrefaction  to  the  point  that  it  might 
be  considered  negligible. 

The  longevity  studies  were  made  upon  the  cysts  which  were  kept 
tinder  2  different  environments,  (1)  during  the  time  they  were  kept 
in  distilled  water  in  their  respective  bottles  and  (2)  while  present 
in  vaseline-slide  preparations.  In  both  environments  the  tempera- 
ture was  the  same,  12°  to  22°  C.  They  were  not  exposed  to  sunlight 
nor  kept  in  total  darkness. 

When  examinations  were  made  of  the  cysts  from  the  bottle,  sedi- 
ment containing  the  cysts  was  withdrawn  and  a  smear  made  in  eosin- 
solution  (1  :  1000  aqueous)  to  aid  in  differentiating  the  living  from 
the  dead  cysts.  Vaseline-slide  preparations  were  made  by  taking  a 
little  sediment  containing  cysts  from  each  of  the  bottles,  making  a 
gmear  in  eosin-solution  and  sealing  the  specimens  with  vaseline  to 
prevent  evaporation.     In  the  former  case  different  cysts  were  ob- 
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served  at  each  examination  since  new  preparations  were  made  from 
the  bottles  for  every  observation,  but  in  the  latter  case,  the  same 
groups  of  cysts  were  observed  from  time  to  time,  as  new  vaseline- 
slide  preparations  were  not  made  for  each  observation,  but  the  ori- 
ginal ones  kept. 

Cysts  in  bottles. 

The  results  of  the  observations  made  upon  the  cysts  in  the  bottles 
are  given  in  Table  I.  Only  the  date  of  the  last  examination  is  given 
(4th  column)  on  which  viable  cysts  were  encountered;  how  much 
longer  these  cysts  remained  viable  was  not  determined.  The  number 
recorded  in  the  5th  column  represents  the  number  of  cysts  which 
were  viable  out  of  the  first  50  cysts  seen  in  the  examination.  This 
number  may  be  multiplied  by  2  to  obtain  the  per  cent,  of  the  cysts 
which  were  still  living.  In  the  6th  column  is  given  the  number  of 
days  which  had  elapsed  since  the  cysts  were  passed  with  the  feces 
i.e.,  their  age. 

TABLE  I. 
Longevity  of  the  cysts  in  distilled  water,  in  bottles. 


Cysts. 


E.  histolytica  a 

b 

E.  coll 

Giardia  iniesiinalis  a . 

b. 
c. 

Chilomastix  mcsnili .  . 


Date  passed. 


Date  stool 
washed. 


Dec.   8, 1919 
"    14, 1920 


Dec.  11, 1919 
"    15,1920 


Jan.  15, 1920    Feb.    5,  1920 


Oct.  18,  1919 
Oct.  18,  1919 
Aug.   6,  1920 


Oct.  22,  1919 
Oct.  22,  1919 


Last 
examination. 


No.  cysts 
viable. 


Apr.  26, 1920,       16 
May  16, 1921 1         1 


Age  in 
da}u 


139 
153 


Sept.  16,  1920!         6 


244 


Nov.  14,  1919,         1 
Nov.  19,  1919        32 


Aug.   6,  1920   Aug.  26,  1920, 


Jan.  27,  1920    Jan.  27,  1920    Aug.    2,  1920        44 


27 
32 
20 


is: 


From  a  comparison  of  the  number  of  viable  cysts,  and  the  number 
of  days  elapsed  since  their  passage,  it  is  apparent  that  the  cysts  of 
ChUotnasti-x  me^nili  might  be  expected  to  live  the  longest,  for  88  p^^ 
cent,  of  these  were  viable  wlien  they  were  187  days  old.     This  v^^ 
no  doubt  due  to  the  greater  resistance  of  the  ChUomastix  cysts  (to^' 
pared  to  the  others,  to  the  lower  temperatures  of  12°  to  22°  C,  as  ^^ 
pointed  out  in  the  experiments  to  determine  the  thermal-death  poi^ 
of  intestinal  protozoan  cysts  (Boeck,  1921).     In  all  probability  tl^ 
proportion  of  44  viable  cysts  out  of  the  first  50  cysts  counted  ^^ 
higher  than  it  should  be  because  the  empty  cysts  of  ChUovuisiix  ar^ 
very   difficult  to  see  in  a  smear  preparation  on   account  of  theit^ 
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small  size  and  thin  cyst  wall,  and  they  are  therefore  easily  over- 
looked in  an  examination.  In  other  words  the  death  rate  of  these 
cysts  was  perhaps  greater  than  the  figures  in  Table  I  indicate.  The 
cysts  of  E.  coli  were  next  in  length  of  life,  for  6  were  alive  244  days 
after  their  passage  from  the  body.  The  E.  histolytica  cysts  were 
very  resistant  too,  for  16  cysts  had  remained  viable  for  139  days. 
In  the  6  series  performed  a  year  later,  one  viable  cyst  was  seen 
153  days  after  its  passage  in  the  stool  on  Dec.  14th,  1920.  This  cyst 
did  not  stain  in  eosin-solution ;  it  had  not  undergone  plasmolysis, 
and  but  a  slight  loss  in  refractivity.  The  nuclei  were  still  invisible 
which  is  very  unusual. 

The  Oiardia  cysts  were  not  so  long-lived.  Three  different  series 
of  observations  were  made  upon  cysts  kept  in  bottles.  One  bottle 
of  cysts  from  which  the  6  series  was  made,  was  kept  out  of  doors 
where  the  temperature  was  somewhat  lower.  To  judge  from  the  a 
and  c  series  the  Oiardia  cysts  could  not  be  expected  to  live  much 
longer  than  27  days,  but  in  the  b  series  (which  was  kept  out  of 
doors),  they  might  have  lived  several  days  longer.  This  no  doubt 
can  be  attributed  to  the  influence  of  the  cooler  temperature  out  of 
doors  which  kept  down  the  growth  of  the  bacteria  more  effectively 
than  the  temperature  indoors. 

Cysts  in  vaseline-slide  preparations. 

Vaseline-slide  preparations  were  kept  at  the  same  temperature 
of  12**  to  22°  C,  at  which  the  cysts  in  the  bottles  were  kept.  These 
preparations  made  it  possible,  as  has  been  said  above,  to  observe  the 
same  group  of  cysts  from  one  examination  to  another,  and  further- 
more to  exclude  all  outside  factors  of  influence  from  entrance.  In 
these  preparations  the  bacteria  were  greatly  inhibited  in  their  multi- 
j>lication  for  the  medium  never  became  turbid,  in  fact  it  remained 
remarkably  clear  at  all  times. 

Again,  as  in  the  above  obsen-ations,  the  number  of  viable  cysts 
^-ut  of  the  first  50  cysts  encountered  is  recorded  in  the  5th  column 
Table  II.  The  6th  column  prives  the  age  of  these  cysts  dating 
om  the  passage  of  the  stool.  How  much  longer  these  cysts  re- 
lined  viable  was  not  determined.  They  all  showed  a  loss  of  refrac- 
ity  and  visible  nuclei,  but  nevertheless  they  did  not  take  up  the 
»^3iin  stain  and  the  disintegrative  changes  were  not  such  as  to  indi- 
i.'fce  that  they  were  dead  on  the  day  of  the  last  examination  (Table 
C  ^    column  4). 
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Fig.  3.  Beproduction  of  one  of  Rodenwaldt 's  two  indistinct  drawings  of  the 
rophozoite  (compare  the  text  description)   (1912). 

Fig.  4.  One  of  a  pair  of  dividing  organisms  from  Wenyon  and  O'Connor, 
liowing  their  conception  of  the  structure  of  the  organism  (1917). 

Plate  XXIV. 

Figs.  1-5.  Beproductions  of  Bodenwalcit 's  drawings  of  cysts  of  Giardia  en- 
irica,  showing  the  division  and  migration  of  the  nuclei.  Note  the  'skeins'  repre- 
mting  the  peristomal  fibrils  and  the  'guiding  rods'  supposedly  of  parabasal 
rigin  (the  latter  pictured  in  2  and  4)   (1912). 
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Introduction. 

The  period  of  viability  or  longevity  of  the  intestinal  protozoan 
cysts  of  man  is  directly  related  to  the  period  of  infectivity  of  the 
cysts,  and  the  prophylaxis  of  protozoan  infections.    After  something 
is  known  of  the  length  of  life  of  these  encysted  organisms  other  ex- 
periments should  be  undertaken  to  determine  their  period  of  infec- 
tivity,  i.e.,  the  period  during  which,  should  the  cysts  be  ingested, 
they  are  capable  of  producing  an  infection.     But  in  the  absence  of 
knowledge  of  the  period  of  infectivity,  we  may  assume  that  while 
there  is  life,  there  is  probable  ability  to  produce  infection,  and  hence 
the   period   of  viability  becomes   of  primary'   importance.     It  also 
follows  that  when  the  longevity  of  the  cysts  is  known  in  full  or  in 
part,  it  will  be  possible  to  adopt  effective  prophylactic  measures  to 
combat  the  spread  of  protozoan  infections. 

•  From  the  Department  of  Medical  Zoology,  School  of  Hygiene  and  Public 
Health,  Johns  Hopkins  University. 
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Before  introducing  the  evidence  regarding  the  longevity  of  the 
human  intestinal  cysts,  it  seems  advisable  to  describe  the  changes 
through  which  the  protozoan  cysts  pass  when  they  are  kept  for  a 
long  time  in  a  favorable  environment,  i.e.,  one  which  is  conducive 
to  long  life,  and  when  they  are  present  but  a  short  time  in  an  un- 
favorable environment,  in  order  that  such  changes  may  not  be  mis- 
taken for  signs  of  death  in  all  cases,  for  some  of  these  changes  are 
only  degenerative  phenomena. 

In  connection  with  some  experiments  to  determine  the  thermal- 
death  point  of  the  human  intestinal  protozoan  cysts  of  Endamoeha 
histolyti<^a,  Endamoeha  coli,  Giardia  intestinaHs  and  ChUomastix 
mesnili  (Boeck,  1921),  it  was  decided  to  determine  the  fate  of  the 
cysts  which  had  been  killed  by  exposure  to  high  temperature,  and 
which  stained  with  eosin  {dead),  and  also  the  fate  of  the  unstained 
cysts  {alive)  which  were  kept  in  bottles  containing  distilled  water 
in  a  cool  place,  at  a  temperature  of  12**  to  22**  C.  As  a  result  of 
these  observations  which  were  made  over  a  period  of  9  months,  it 
was  found  that  the  stained  cysts  of  Endamoeha  histolytica,  Oiardiuk 
intestinalis  and  ChUomastix  m^snUi  underwent  extensive  plasmoly- 
sis,  the  rate  of  which  was  very  fast  in  Giardia  cysts  and  slow  in  the 
cysts  of  ChUomastix  and  Endamoeha  histolytica.  As  disintegration 
progressed  only  a  small  mass  of  protoplasm  occupied  the  cysts,  and 
this  ultimately  disappeared  leaving  the  empty  cyst.  The  cyst  mem- 
brane too,  disintegrated  in  time,  leaving  no  trace  of  the  cyst. 

In  the  stained  cysts  of  Endamoeha  coli,  a  slight  plasmolysis  first 
took  place,  and  this  was  followed  by  an  alteration  of  the  cytoplasm, 
to  form  3  distinct  zones  (Fig.  1),  viz.,  a  central  zone  or  core  of 
protoplasm  which  usually  contained  all  the  nuclei,  a  narrow  peri- 
pheral zone  which  appeared  membranous  and  very  coarsely  granu- 
lated, and  a  middle  zone  which  was  almost  without  structure,'  as 
if  fluid  and  separating  the  peripheral  and  central  zones.  Later  on 
the  peripheral  zone  disappeared  as  such  and  took  on  the  appearance 
of  the  middle  zone.  The  central  core  remained  for  a  time,  but  later 
underwent  dissolution  too,  leaving  the  cyst  empty. 

All  these  changes  were  held  to  be  concomitant  with  degeneration, 
and  their  progression  accomplished  the  complete  disintegration  of 
the  cysts  and  their  disappearance.  These  observations  proved  that 
all  cysts  which  stain  with  eosin-solution  are  dead. 

But  the  disintegrative  changes  just  described  were  not  peculiar 
to  stained  cysts  alone,  for  as  time  went  on  it  was  found  that  many 
cysts   which   did   not   take   up   the   eosin   stain,    underwent  similar 
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de^eQerative  changes  as  those  which  occurred  in  stained  cysts.    This 
was  true  for  all  the  different  species  of  cysts. 

It  was  first  noticed  that  the  nuclei  became  distinct,  that  the 
cytoplasm  appeared  more  coarsely  granular  and  that  slight  plas- 


Fio.  1.  E.  coEi  ejrt  (dead).     X  1S60     Degeneration  has  reBulted  ia  tlia  preseiiiw 
ot  the  3  Eoaea  m  the  cytoplasm. 

molysis  took  place.  Later  on  plasmolysis  increased,  and  in  the 
Endamoeba  colt  cysts  the  3  characteristic  zones  developed  as  de- 
scribed above  (Fig.  1).  The  final  stages  of  degeneration  were  similar 
to  those  which  occurred  in  the  stained  cysts.  These  degenerative- 
chaises  took  place  in  cysts  which  bad  been  kept  in  a  favorable  en- 
vironment (in  a  bottle  containing  distilled  water)  for  several  months; 
and  at  all  times  they  refused  to  take  up  the  eosin  stain. 

But  again,  similar  changes  occurred  within  only  a  few  days,  when 
the  cysts  were  in  an  unfavorable  environment  such  as  a  stool  not 
wa^ed,  or  in  cultures,  in  both  of  which  there  was  an  abundant 
bacterial  growth  resulting  in  the  elaboration  of  putrefactive  prod- 
ucts of  decomposition  which  hastened  the  degeneration  of  the  cysts 
and  led  to  the  latter's  early  death. 

From  the  work  of  Yoshida  (1920)  on  the  reproduction  in  vitro 
of  Endamoeba  tetragerta  (hittolytlca)  and  Endamoeba  coli  from 
their  cysts,  we  note  that  many  of  the  cysts  which  excysted  had  de- 
generated to  a  great  extent  and  had  plasmolized,  for  the  cysts  were 
described  as  possessing  "a  space,  small  or  large  .  .  .  between  the 
outer  membrane  and  the  cytoplasm,"  the  dimensions  of  which  varied 
greatly,  "the  largest  observed  being  about  half  the  size  of  the  cysts." 
Certainly  such  changes  were  signs  of  degeneration  similar  to  those 
observed  in  the  cysts  from  the  bottles,  both  those  which  stained  with 
eosin,  and  those  which  remained  refractive. 

The  question  then  arose,  are  all  cysts  alive  which  show  marked 
degenerative  changes  and  do  not  take  up  the  eosin  stain  T  This  ques- 
tion is  answered  by  making  further  reference  to  the  experiments  oC 
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Toshida.  Just  as  3  zones  occurring  in  d^enerated  cysts  of  Enda- 
moeba  coli  were  noticed  by  the  author,  so  were  cysts  possessing  these 
changes  found  by  Yoshida  in  his  cultures  (see  Yoshida,  1920,  pL  29; 
Figs.  1,  11,  12).  On  one  occasion,  he  observed  the  escape  of  the 
central  core  of  protoplasm  in  one  of  these  degenerated  cysts  upon 
the  removal  of  the  cyst  wall.  He  questioned  the  viability  of  the 
freed  protoplasmic  mass,  presumably  one  is  led  to  believe,  from  the 
fact  that  it  was  motionless,  as  contrasted  with  the  other  motile  ex- 
cysted  amoebae  in  his  cultures. 

We  are  led  to  conclude,  therefore,  that  those  cysts  which  show 
such  marked  degenerative  changes,  as  very  extensive  plasmolysis  and 
the  possession  of  only  a  central  core  of  cytoplasm,  and  in  E»  eoli  cysts 
3  or  less  protoplasmic  zones  of  degeneration,  are  dead  (altho  th^r 
do  not  stain  with  eosin,  as  Yoshida  observed),  for  were  such  cysts 
alive  then  the  one  which  Yoshida  saw  excyst,  would  have  liberated 
a  motile  amoeba  as  many  of  his  other  cysts  did  which  no  doubt  had 
not  degenerated  to  the  same  extent. 

This  bit  of  experimental  evidence  furnishes  the  best  answer  to 
date,  to  the  question  whether  or  not  all  dead  cysts  stain  with  eosin- 
solution.  And  when  we  consider  that  Yoshida  found  that  most  of 
the  amoeba  obtained  in  his  cultures  were  the  result  of  excystation 
which  was  characterized  by  a  **  disintegration  and  dissolution  of  the 
cyst  wall, ' '  we  are  also  furnished  with  data  to  prove  that  cysts  may 
undergo  degeneration  to  the  extent  that  their  nuclei  become  visible, 
their  cytoplasm  more  coarsely  granular  and  less  refractive,  and 
that  they  may  undergo  some  plasmolysis  and  still  be  viable  and 
capable  of  excystation,  but  that  those  cysts  are  dead  in  which  more 
extensive  degenerative  changes  occur,  such  as  alteration  of  the  cyto- 
plasm into  zones  as  in  Endamoeha  coli,  and  plasmolysis  to  the  extent 
that  only  a  central  core  of  protoplasm  remains  in  other  species.  We 
can  look  upon  slight  changes  as  early  degenerative  phenomena,  but 
upon  marked  clianges  as  certain  signs  of  death,  even  altho  these 
changes  occur  in  cysts  which  do  not  stain  in  the  eosin-solution. 

Criterion  of  viability. 

All  the  data  regarding  the  longevity  of  the  cysts  which  will  be 
presented  in  the  following  portion  of  this  paper  were  collected  with 
the  understanding  that  tlmse  cysts  were  alive  which  did  not  stain  in 
eosin-sohition  and  showed  but  little  or  no  plasmolysis  and  little  or 
no  loss  in  refractivity,  while  those  cysts  which  stained  in  eosin-solu- 


LONGEVITY  OP  INTESTINAL  PROTOZOAN  CYSTS.  531 

tion  or  remained  unstained,  but  were  markedly  degenerated  as  de- 
scribed above  were  held  to  be  dead.  By  supplementing  the  eosin- 
eriterion  of  viability  in  this  way  with  direct  observation  on  the 
morphological  changes  which  were  present,  it  is  believed  that  an 
almost  certain  differentiation  was  possible  between  dead  and  living 
cysts. 

Technique. 

It  has  been  shown  by  Kuenen  and  Swellengrebel  (1913)  and 
Boeck  (1921)  that  the  presence  of  bacteria  and  the  chemical  prod- 
ucts of  putrefaction  exert  a  deleterious  influence  upon  the  vitality 
of  the  cysts ;  the  different  species  of  protozoan  cysts  were  accordingly 
prepared  so  as  to  be  comparatively  free  from  these  factors,  by  wash- 
ing the  stools  containing  the  cysts. 

The  washing  of  the  stool  was  accomplished  as  follows :  The  stool 
was  immersed  in  distilled  water  and  comminuted  with  a  mechanical 
mixer.  It  was  then  strained  through  a  couple  of  layers  of  bolting- 
cloth  which  removed  the  coarse  fecal  matter.  The  filtrate  was  al- 
lowed to  stand  for  a  few  hours,  during  which  time  the  cysts  fell  to 
the  bottom  of  the  container.  The  supernatant  fluid  containing  bac* 
teria  and  water-soluble  putrefactive  products  was  drawn  off  and 
more  distilled  water  added.  This  procedure  was  repeated  several 
times  imtil  the  supernatant  fluid  was  no  longer  colored  or  turbid, 
and  then  the  cysts  were  transferred  to  a  bottle  with  50  to  100  c.c.  of 
distilled  water,  and  kept  in  a  cool  place  where  the  temperature 
varied  from  12°  to  22°  C.  This  low  temperature  inhibited  excessive 
bacterial  growth  and  retarded  putrefaction  to  the  point  that  it  might 
be  considered  negligible. 

The  longevity  studies  were  made  upon  the  cysts  which  were  kept 
under  2  different  environments,  (1)  during  the  time  they  were  kept 
in  distilled  water  in  their  respective  bottles  and  (2)  while  present 
in  vaseline-slide  preparations.  In  both  environments  the  tempera- 
ture was  the  same,  12°  to  22°  C.  They  were  not  exposed  to  sunlight 
nor  kept  in  total  darkness. 

When  examinations  were  made  of  the  evsts  from  the  bottle,  sedi- 
ment  containing  the  cysts  was  withdrawn  and  a  smear  made  in  eosin- 
solution  (1  :  1000  aqueous)  to  aid  in  differentiating  the  living  from 
the  dead  cysts.  Vaseline-slide  preparations  were  made  by  taking  a 
little  sediment  containing  cysts  from  each  of  the  bottles,  making  a 
smear  in  eosin-solution  and  sealing  the  specimens  with  vaseline  to 
prevent  evaporation.     In  the  former  case  different  cysts  were  ob- 
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served  at  each  examination  since  new  preparations  were  made  from 
the  bottles  for  every  observation,  but  in  the  latter  case,  the  same 
groups  of  cysts  were  observed  from  time  to  time,  as  new  vaseline- 
slide  preparations  were  not  made  for  each  observation,  but  the  ori- 
ginal ones  kept. 

Cysts  in  bottles. 

The  results  of  the  observations  made  upon  the  cysts  in  the  bottles 
are  given  in  Table  I.  Only  the  date  of  the  last  examination  is  given 
(4th  column)  on  which  viable  cysts  were  encountered;  how  much 
longer  these  cysts  remained  viable  was  not  determined.  The  number 
recorded  in  the  5th  column  represents  the  number  of  cysts  which 
were  viable  out  of  the  first  50  cysts  seen  in  the  examination.  This 
number  may  be  multiplied  by  2  to  obtain  the  per  cent,  of  the  cysts 
which  were  still  living.  In  the  6th  column  is  given  the  number  of 
days  which  had  elapsed  since  the  cysts  were  passed  with  the  feces 
i.e.,  their  age. 

TABLE  I. 
Longevity  of  the  cysts  in  distilled  water,  in  hotiUs. 


■      

Cysts. 

Date  passed. 

Date  stool 
washed. 

Last 
examination. 

No.  cysts 
viable. 

Age  in 
days. 

E.  histolytica  a 

b 

Dec.   8,1919 
"    14,1920 

Dec.  11, 1919 
"    15,1920 

• 

Apr.  26, 1920 
May  16, 1921 

16 
1 

139 
153 

E.coli 

Jan.  15, 1920    Feb.    5,  1920 

Sept.  16, 1920|         6 

244 

Giardia  intestinalis  a . 

b. 
c. 

Oct.  18,  1919    Oct.  22, 1919 
Oct.  18,  1919    Oct.  22,  1919 
Aug.   6,  1920    Aug.   6,  1920 

Nov.  14, 1919,         1 
Nov.  19,  1919        32 

Aug.  26,  1920,         4 

1 

27 
32 
20 

Chilomaslix  iriesnili .  . 

Jan.  27,  1920 

Jan.  27,  1920 

Aug.    2,1920 

44 

187 

From  a  comparison  of  the  number  of  viable  cysts,  and  the  number 
of  days  elapsed  since  their  passage,  it  is  apparent  that  the  cysts  of 
ChUomasti^  me^mli  might  be  expected  to  live  the  longest,  for  88  per 
cent,  of  these  were  viable  wlien  they  were  187  days  old.  This  was 
no  doubt  due  to  the  greater  resistance  of  the  Chilomastix  cysts  com- 
pared to  the  others,  to  the  lower  temperatures  of  12°  to  22°  C,  as  was 
pointed  out  in  the  experiments  to  determine  the  thermal-death  point 
of  intestinal  protozoan  cysts  (Boeck,  1921).  In  all  probability  the 
proportion  of  44  viable  cysts  out  of  the  first  50  cysts  counted  is 
higher  than  it  should  be  because  the  empty  cysts  of  ChUomastix  are 
very   difficult  to  see  in  a  smear  preparation  on   account   of  their 
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small  size  and  thin  cyst  wall,  and  they  are  therefore  easily  over- 
looked in  an  examination.  In  other  words  the  death  rate  of  these 
cysts  was  perhaps  greater  than  the  figures  in  Table  I  indicate.  The 
cysts  of  E.  colt  were  next  in  length  of  life,  for  6  were  alive  244  days 
after  their  passage  from  the  body.  The  E,  histolytica  cysts  were 
vetry  resistant  too,  for  16  cysts  had  remained  viable  for  139  days. 
In  the  b  series  performed  a  year  later,  one  viable  cyst  was  seen 
153  days  after  its  passage  in  the  stool  on  Dec.  14th,  1920.  This  cyst 
did  not  stain  in  eosin-solution ;  it  had  not  undergone  plasmolysis, 
and  but  a  slight  loss  in  refractivity.  The  nuclei  were  still  invisible 
which  is  very  unusual. 

The  Oiardia  cysts  were  not  so  long-lived.  Three  different  series 
of  observations  were  made  upon  cysts  kept  in  bottles.  One  bottle 
of  cysts  from  which  the  6  series  was  made,  was  kept  out  of  doors 
where  the  temperature  was  somewhat  lower.  To  judge  from  the  a 
and  c  series  the  Oiardia  cysts  could  not  be  expected  to  live  much 
longer  than  27  days,  but  in  the  6  series  (which  was  kept  out  of 
doors),  they  might  have  lived  several  days  longer.  This  no  doubt 
can  be  attributed  to  the  influence  of  the  cooler  temperature  out  of 
doors  which  kept  down  the  growth  of  the  bacteria  more  effectively 
than  the  temperature  indoors. 

Cysts  in  vaseline-slide  preparations. 

Vaseline-slide  preparations  were  kept  at  the  same  temperature 
of  12°  to  22°  C,  at  which  the  cysts  in  the  bottles  were  kept.  These 
preparations  made  it  possible,  as  has  been  said  above,  to  observe  the 
same  group  of  cysts  from  one  examination  to  another,  and  further- 
more to  exclude  all  outside  factors  of  influence  from  entrance.  In 
these  preparations  the  bacteria  were  greatly  inhibited  in  their  multi- 
plication for  the  medium  never  became  turbid,  in  fact  it  remained 
remarkably  clear  at  all  times. 

Again,  as  in  the  above  observations,  the  number  of  viable  cysts 
out  of  the  first  50  cysts  encountered  is  recorded  in  the  5th  column 
of  Table  II.  The  6th  column  gives  the  age  of  these  cysts  dating 
from  the  passage  of  the  stool.  How  much  longer  these  cysts  re- 
mained viable  was  not  determined.  They  all  showed  a  loss  of  refrac- 
tivity and  visible  nuclei,  but  nevertheless  they  did  not  take  up  the 
eosin  stain  and  the  disintegrative  changes  were  not  such  as  to  indi- 
cate that  they  were  dead  on  the  day  of  the  last  examination  (Table 
II,  column  4). 
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TABLE  II. 


Longevity  of  the  cysts 

in  the  vaseline-slide  preparations. 

Cysts. 

Date  passed. 

Date  of 
vaseline-Rlide. 

Date 
examined. 

No.  of  ' 
cysts     Age  in 
viable,    days. 

E,  histolytica 

E,coli 

Giardia  intestinalis  a . 

h. 
Chilomastix  niesnUi . . 

Dec.   8, 1919 
Jan.  15, 1920 
Oct.  18,  1919 
Aug.  6,  1920 
Jan.  27,  1920 

Feb.    5,1920 
Feb. 12,  1920 
Oct.  24, 1919 
Aug.  6,  1920 
Feb.    6,1920 

July  21, 1920 
May  17, 1920 
Dec.  23, 1919 
Sept.    7, 1920 
Sept.  16,  1920 

12 
9 

10 
2 

45 

211 

124 

66 

22 

232 

Prom  a  study  of  Table  II,  it  will  be  seen  that  the"  ChUomastix 
cysts  again  proved  themselves  able  to  live  longer  than  the  other 
species  of  cysts.  And  again,  it  may  be  said,  that  the  proportion  of 
viable  cysts  out  of  the  first  50  cysts  observed  is  no  doubt  higher  than 
it  should  be  for  the  same  reason  as  given  above,  namely  that  empty 
cysts  are  easily  overlooked.  Nevertheless  it  was  apparent  that 
these  cysts  were  out-living  the  others,  and  this  (possibly?)  by  reason 
of  their  strong  resistance  to  the  lower  temperatures. 

It  was  a  surprise,  that  the  cysts  of  E,  hisfolyiica  lived  longer  in 
the  vaseline-slide  preparations  than  those  of  E.  coli.  I  believe,  how- 
ever, this  does  not  actually  occur  in  life,  but  that  the  opposite  is 
true  instead,  as  was  found  to  be  the  case  with  the  cysts  in  the  bottles. 
It  must  have  been  that  the  E,  coli  cysts  in  the  vaseline-slide  prepara- 
tions were  affected  by  some  detrimental  influences  either  before  the 
preparations  were  made,  or  afterward,  that  resulted  in  their  early 
death. 

.Again,  the  Giardia  cysts  were  shown  to  die  at  an  early  age  com- 
pared to  the  others,  but  it  is  significant  that  10  cysts  were  still  viable 
at  the  end  of  66  days  (series  a),  and  this  was  considerably  longer 
than  the  cysts  remained  viable  in  the  bottles.  In  another  series,  6 
(Table  II),  the  cysts  lived  but  little  longer  than  32  days,  in  all 
probability,  and  this,  in  view  of  the  data  in  the  a  series  can  only  be 
attributed  to  the  influence  of  some  detrimental  factor.  It  is  known 
for  instance,  that  urine  has  a  decidedly  deleterious  effect  upon  these 
cysts  especially,  and  it  is  conceivable  that  it  was  previous  contact 
with  this  factor  while  in  the  stool  or  some  other  influence,  which 
resulted  in  the  earlv  death  of  these  cysts  in  the  b  series. 
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Survival  of  cysts  in  fly's  intestine. 

Root  (1921)  has  shown  that  cysts  of  the  human  intestinal  pro- 
tozoa may  remain  apparently  viable  for  many  hours  in  the  intestine 
of  the  fly.  It  seems  significant  to  point  out  that  those  cysts  which 
survived  the  longest  in  the  fly's  intestine  were  of  the  same  species 
as  those  which  were  found  to  live  the  longest  in  the  experiments  and 
observations  given  above.  The  period  of  survival  of  the  cysts  in  the 
fly's  intestine  was  proportional  to  their  longevity  outside  when  im- 
mersed in  distilled  water,  altho  the  length  of  life  of  the  cysts  in  the 
intestine  was  ever  so  much  shorter.  For  the  sake  of  convenience  in 
comparing  the  results  which  Root  obtained  with  those  on  longevity 
the  following  table  is  given.  The  number  of  viable  cysts  out  of  the 
first  50  observed  is  recorded  at  the  time  of  the  last  examination. 


TABLE  III. 

Period  of  viability  of  cysts  in  fly's  intestine^  as  compared  with  their  survival  iii 
distilled  water  in  bottles  and  in  vaseline-slide  preparaiions. 


In  fly's  intestine. 


.  I— 


Giardia  irUestinalis 

S.  histolytica 

B.coU 


1 — (1  series) 
1 — (1  series) 
1 — (1  scries) 
Ckilomastix  mfsnili 1    2 — (1  series) 


No.  cysts 
viable. 


End  of 


16  hours 
49     " 
52 
80 


« 


In  bottles  or  vase- 
line preparations. 


No.  cysts 
viable. 


End  of 


10 

12 

6 

45 


66  days 
211  '^ ' 
244 
232 


n 
it 


It  is  to  be  seen  at  once  that  the  cysts  of  Giardia  intestinali^  live 
the  shortest  of  all  the  cysts,  whether  in  the  fly's  intestine  or  out- 
side when  immersed  in  distilled  water.  Then  follow  the  cysts  of  E. 
histolytica,  E,  coli  and  lastly  Chilomastix  mesnUi, 

Assuming  that  the  factors  in  the  intestine  of  the  flies  used  in  the 
experiments  by  Root  equally  influenced  all  the  species  of  cysts  after 
their  ingestion,  the  period  of  survival  becomes  an  expression  of  the 
comparative  resistance  of  the  different  species  of  cysts.  Of  all  the 
factors  present  in  the  intestine  of  the  flies,  fermentation  caused  by 
the  bacteria  in  the  intestine  was  probably  chiefly  responsible  for  the 
death  of  the  cysts,  as  the  temperature  was  low,  in  as  much  as  this 
tends  to  be  the  same  as  that  of  the  surrounding  atmosphere,  there- 
fore room  temperature    (27°  C).     It  is  altogether  likely  that  the 
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digestive  juices  may  also  have  operated  against  the  survival  of  the 
cysts.  Therefore  we  may  rightly  assume  that  the  cysts  of  ChUomastix 
mesnili  were  more  resistant  than  the  other  species  of  cysts,  in  view 
of  the  sameness  of  the  environment.  The  ChUomastix  cysts  survived 
longer  than  the  other  cysts  in  the  fly's  intestine,  very  probably  on 
account  of  their  greater  resistance  to  the  low  temperature  (27®  C. 
or  less),  all  other  factors  being  equal,  as  was  shown  to  be  the  case 
in  the  thermal-death  point  determinations  (Boeck,  1921).  For  this 
same  reason,  in  all  probability,  the  ChUomastix  cysts  lived  longer 
than  the  other  species  in  the  experiments  given  above  to  determine 
their  longevity. 

Infracystic  devdopment. 

There  was  no  evidence  of  definite  intracystic  development  in  the 
viable  cysts  which  had  been  kept  in  the  supply  bottles  and  in  the 
vaseline-slide  preparations.  In  the  observations  made  upon  the  en- 
damoebic  cysts,  no  evidence  whatsoever  occurred  to  indicate  that 
single  nucleated  cysts  developed  into  bi-nucleated  cysts  and  bi- 
nucleated  cysts  into  4-nucleated  cysts  and  so  on,  as  was  thought  to 
occur  by  some  of  the  earlier  investigators. 

I  believe  that  the  finding  of  1  and  2-nucleated 'cysts  of  E.  histoly- 
tica in  the  feces  as  well  as  of  1,  2,  and  4-nucleated  cysts  of  E.  coU 
only  signifies  that  these  cysts  were  prevented  from  reaching  the  full 
development  of  4-nucleated  cysts  in  the  case  of  the  former  parasite 
and  of  8-nucleated  cysts  in  tlie  latter,  by  their  premature  ejection 
from  the  human  body  and  that  they  develop  no  further  unless  their 
environment  closely  simulates  that  of  the  human  intestine,  a 
possible  exception  being  those  cysts  in  which  the  nuclei  are  in  the 
midst  of  mitosis,  when  they  have  become  transformed  into  spindles. 

In  view  of  the  longevity  observations  described  above  it  seems 
that  the  reproduction  m  vitro,  as  described  by  Yoshida  (1920)  for 
E.  coli  and  E.  histolytica,  represents  abnormal  or  degenerative 
phenomena  brought  about  by  the  fermentative  action  of  the  bacteria 
in  his  artificial  cultures,  causing  the  newly  formed  amoebae  to  die 
on  the  first  or  second  day  following  ^xcystation  *  *  from  the  effects  of 
putrefaction  in  the  culture  medium.*'  It  is  only  reasonable  to  as- 
sume that  the  bacteria  were  responsible  for  the  disintegration  of  the 
cysts  by  progressive  plasmolysis,  some  of  which  excysted  to  give  rise 
to  abnormal  amoebae. 

Although  I  was  unable  to  detect  any  development  in  the  cysts  of 
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GHardia  and  ChUomastix,  failure  in  the  latter  ease  must  have  been 
due  to  some  unknown  cause,  since  Kofoid  and  Swezy  (1920)  found 
that  many  ChUomastix  cysts  underwent  development  after  they  had 
been  passed  from  the  human  body.  The  development  resulted  in  the 
mitotic  division  of  the  nucleus  and  in  the  formation  of  another 
neuromotor  apparatus.  .  The  only  changes  I  saw,  however,  in  the 
ChUomastix  cysts  which  had  been  kept  for  232  days  was  the  presence 
of  small,  usually  spheroidal-shaped  chromatin-staining  masses  in  the 
cytoplasm.  These  masses  occupied  no  definite  position  in  the  cysts, 
but  were  situated  here  and  there.  Generally  they  were  from  1  to 
4  in  number.  The  origin  of  these  bodies  was  not  indicated.  They 
may  represent  chromatoidal  bodies,  the  remains  of  the  disintegrated 
neuromotor  apparatus,  or  what  is  les^  probable  chromatin  material 
which  had  been  extruded  into  the  cytoplasm  from  the  nucleus.  The 
nucleus  in  these  cysts  possessed  a  large  central  karyosome,  or  at 
times,  1  to  3  smaller  chromatin  masses.  A  centrosome  was  demon- 
strable at  the  anterior  pole  of  the  nucleus  on  the  nuclear  membrane. 
The  neuromotor  apparatus  had  partly  disappeared  in  many  cysts, 
for  not  all  the  structures  were  visible  which  go  to  make  up  this 
fibrillar  complex. 

Period  of  infectvvity. 

With  the  knowledge  at  hand  that  the  cysts  of  the  human  in- 
testinal protozoa  may  remain  viable  for  several  months  as  has  been 
shown  with  the  use  of  the  best  criteria  of  viability  available,  it  is  of 
utmost  importance  to  determine  the  period  of  infectivity  as  was  men- 
tioned in  the  opening  paragraph  of  this  paper.  In  all  probability 
the  period  of  infectivity  does  not  coincide  with  the  longevity  of  the 
cysts,  but  the  proof  is  very  meager  at  present  to  substantiate  this 
statement.  The  most  valuable  evidence  we  have  pertains  to  ingestion 
experiments  upon  man  and  kittens  with  cysts  of  Endamoeba  histo- 
lytica,  Endamoeba  coli  and  Oiardia  intestinali^. 

Darling  (1913)  after  diluting  the  feces  containing  cysts  of  E. 
histolytica  with  10  volumes  of  sterile  tap  water  and  allowing  them 
to  stand  for  3  days,  was  unable  to  infect  2  kittens.  But  this  might 
have  been  due  as  he  states,  **to  an  insufficiency  of  cysts.'' 

Walker  and  Sellards  in  1913,  however,  were  able  to  infect  men 
with  E,  histolytica  with  cysts  which  had  been  kept  for  2  days  at 
tropical  temperature,  and  with  E,  coli  with  cysts  which  had  been 
kept  10  days.    The  cysts  were  kept  moist  in  both  cases. 
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Other  investigators  have  made  observations  on  the  longevity  of 
the  intestinal  protozoan  cysts  of  man,  among  them  Penfold,  Wood- 
cock and  Drew  (1916),  who  kept  the  cysts  of  E.  histolytica  alive  in 
running  water  for  15  days;  Thomson  and  Thomson  (1916),  who  ob- 
served viable  cysts  of  E,  histolytica  in  moist  feces  after  16  days,  and 
Wenyon  and  O'Connor  (1917)  after  a  month,  but  none  of  these 
workers  conducted  much  needed  experiments  to  see  whether  the  vi- 
able cysts  were  also  infectious  for  man  or  laboratory  animals. 

The  experiments  of  Walker  (Sellards)  in  1913  were  conducted 
upon  human  beings  and  his  results  therefore  are  especially  note- 
worthy. It  seems  probable,  however,  in  view  of  the  fact  that  cysts 
may  be  kept  apparently  viable  for  a  long  time  that  the  period  of 
infectivity  for  E.  histolytica  Would  be  found  longer  than  2  days  and 
for  E,  coli  longer  than  10  days  had  more  experiments  been  conducted 
of  a  similar  nature  to  those  performed  by  this  investigator. 

The  period  of  infectivity  of  Giardia  intestinalis  is  considerably 
longer  than  that  known  thus  far  for  the  entamoebic  cysts ;  it  appears 
to  coincide  with  the  period  of  viability.  Fantham  and  Porter  (1916) 
were  able  to  infect  kittens  with  cysts  of  this  parasite  which  had  been 
kept  for  74  days  after  they  had  been  washed  free  from  fecal  debris. 
This  period  of  infectivity  is  even  greater  than  the  longest  period  of 
viability,  which  was  66  days,  obtained  in  the  experiments  detailed 
above,  in  the  a  series  of  Table  II. 

Until  we  are  in  possession  of  more  definite  facts  regarding  the 
period  of  infectivity  of  all  intestinal  protozoan  cysts  of  man,  and 
especially  of  E.  histolytica,  all  prophylactic  measures  should  look 
toward  the  destruction  of  the  feces  within  2  days  if  possible,  since 
as  we  have  seen,  cysts  may  be  still  infectious  within  this  period,  if 
ingested. 

Man  contracts  his  infection  through  accidental  contact  with  the 
feces  containing  the  cysts  and  ingesting  the  latter  or  probably 
throu^rh  tlie  eating  of  food  or  drinking  of  water  in  which  cysts  have 
been  deposited  by  flies  which  have  visited  privies  and  eaten  feces 
containing  cysts.  These  methods  of  dissemination  emphasize  the  im- 
portance, as  other  investigators  have  shown,  of  adopting  such  pre- 
ventative measures  of  sanitation  as  will  exclude  the  flies  from  the 
feces,  and  also  to  dispose  of  the  latter  as  soon  as  possible  after 
defecation. 
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Summary. 

1.  Accepting  the  eosin-solution,  supplemented  by  morphological 
observations  as  a  criterion  of  viability,  the  longevity  was  determined 
for  4  different  species  of  human  intestinal  protozoan  cysts,  under  2 
different  environments. 

2.  Immersed  in  distilled  water,  contained  in  bottles  and  kept  at  a 
temperature  of  12°  to  22°  C,  cysts  of  E.  histolytica  were  found 
viable  at  the  end  of  153  days ;  E,  coli  at  the  end  of  244  days ;  Oiardia 
intestinalis  at  the  end  of  32  days  and  Chilomastix  mesnili  at  the  end 
of  187  days. 

3.  In  eosin-stained  wet  preparations,  sealed  with  vaseline,  cysts  of 
E.  histolytica  were  viable  at  the  end  of  211  days ;  E.  coli,  124  days ; 
Oi<irdia  intestinalis,  66  days  and  Chilomastix  mesnili  at  the  end  of 
232  days. 

4.  While  the  results  of  the  observations  did  not  reveal  the  actual 
length  of  life  of  each  species  of  cyst,  yet  they  demonstrated  that 
the  cysts  remained  viable  for  a  considerable  period  of  time  and  that 
under  similar  conditions  of  a  low  temperature  and  the  exclusion  of 
bacterial  influences,  the  cysts  of  Chilomastix  will  probably  live  the 
longest,  due  (possibly?)  to  their  stronger  resistance  to  the  lower 
temperatures. 

5.  The  period  of  infectivity  of  the  human  intestinal  protozoan 
cysts  is  not  definitely  kno^vn  and  more  experiments  should  be  made 
to  determine  it.  It  has  been  shown,  however,  that  the  cysts  of  E. 
histolytica  and  E,  coli  are  infectious  for  man  2  and  10  days  respec- 
tively, after  their  passage  from  the  human  body,  and  the  cysts  of 
Gia/rdia  intestinalis  for  kittens,  after  74  days. 

6.  In  the  absence  of  more  definite  information  regarding  the  period 
of  infectivity,  all  prophylactic  measures  against  the  dissemination  of 
protozoan  diseases  should  aim  to  prevent  the  access  of  flies  to  feces 
and  to  destroy  the  feces  within  2  days  after  their  defecation. 
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degenerative  changes  as  those  which  occurred  in  stained  cysta.    This 
was  true  for  all  the  different  species  of  cysts. 

It  was  first  noticed   that  the  nuclei  became  distinct,  that  the 
cytoplasm  appeared  more  coarsely  granular  and  that  slight  plaa- 


Fto.  I.  B.  eoli  tyat  (dead).     X  1S60      Degeneration  has  resulted  in  ttie  presenBS' 
«f  the  3  zones  in  the  cytoplasm. 

molysis  took  place.  Later  on  plasmoly^is  increased,  and  in  the' 
Endamoeba  coli  cysts  the  3  characteristic  zones  developed  as  de- 
scribed above  (Fig.  1).  The  final  stages  of  degeneration  were  similar 
to  those  which  occurred  in  the  stained  cysts.  These  degenerative' 
changes  took  place  in  cysts  which  had  been  kept  in  a  favorable  en- 
vironment (in  a  buttle  containing  distilled  water)  for  several  months;, 
and  at  all  times  they  refused  to  take  up  the  eosin  stain. 

But  agaiD,  similar  changes  occurred  within  only  a  few  days,  when 
the  cysts  were  in  an  unfavorable  environment  such  as  a  stool  not 
washed,  or  in  cultures,  in  both  of  which  there  was  an  abnndant 
bacterial  growth  resulting  in  the  elaboration  of  putrefactive  prod- 
ucts of  decomposition  which  hastened  the  degeneration  of  the  cysts 
and  led  to  the  latter 'a  early  death. 

Prom  the  work  of  Yoshida  (1920)  on  the  reproduction  in  vitro 
of  Endamoeba  tetragena  (histolytica)  and  Endamoeba  coli  from 
their  cysts,  we  note  that  many  of  the  cysts  which  excysted  had  de- 
generated to  a  great  extent  and  had  plasmolized,  for  the  cysts  were 
described  as  possessing  "a  space,  .small  or  large  .  .  .  between  the 
outer  membrane  and  the  cytoplasm,"  the  dimensions  of  which  varied 
greatly,  "the  largest  observed  being  about  half  the  size  of  the  cysts." 
Certainly  such  changes  were  signs  of  degeneration  similar  to  those 
observed  in  the  cysts  from  the  bottles,  both  tliose  which  stained  with 
eosin,  and  those  which  remained  refractive. 

The  question  then  arose,  are  al!  cysts  alive  which  show  marked 
d^enerative  changes  and  do  not  take  up  the  eosin  stain  1  This  ques- 
tion is  answered  by  making  furtlier  reference  to  the  experiments  ot 
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cystation  in  an  artificiAl  meditun  composed  of  agar  and  defibrinated 
horse  blood,  but  the  method  was  attaided  with  tmsatiafaetOTy  resaUs 
as  a  wh(de,  for  only  3  of  11  experiments  made  on  Jr.  tetragena  (hii- 
tolytica)  and  only  7  of  19  on  E.  ecU  were  sacceasfal.  It  was  th^efore 
inadvisable  to  use  growth  upon  artificial  media  as  a  criterion  of  via- 
bility, since  it  was  only  indifferently  successful  in  its  application  to 
the  study  of  but  two  of  the  parasitic  protozoa. 

Another  and  valid  criterion  of  viability  which  was  used  in  the  study 
of  bacteria  depended  upon  the  ability  of  bacteria  to  produce  an  infee- 
tion  when  inoculated  into  laboratory  animals.  This  criterion  eoold 
be  employed  to  determine  the  viability  of  Ae  cysts  of  E,  hisMyika 
and  Oiardia  intestinalis,  since  infections  in  certain  animals  have  been 
obtained  with  tiiese  organisms.  It  is  possible  to  feed  the  asyBis  of 
E,  histolytica  to  a  kitten  and  obtain  an  infection,  but  not  all  attempts 
to  produce  an  infection  are  successful.  TV>  obtain  the  desired  resuMs 
the  cysts  should  be  procured  from  a  recent  stool,  and  at  the  same  tiine 
there  should  be  a  large  supply  of  them,  for  with  old  cysts,  and  with 
a  small  number,  the  chances  of  obtaining  an  infecticm  are  very  smalL 
These  conditions  could  not  be  met  in  this  study,  as  only  a  limited 
supply  of  the  cysts  of  this  parasite  were  available. 

Fantham  and  Porter  (1916)  produced  an  infection  in  mice  and 
kittens  by  feeding  them  the  cysts  of  Oiardia  iniesHndlis.  But  there 
is  a  grave  danger  in  using  these  animals  in  testing  the  viability  of  the 
cysts  of  Oiardia  intestinalis,  since,  th^y  are  often  found  parasitized  by 
a  species  of  Giardia,  which  does  not  differ  materially  from  that  living 
in  man.  Such  a  circumstance  would  lead  to  confusion  unless  proper 
precautions  were  taken,  and  these  were  too  time-consuming  to  be  practi- 
cable. But  even  if  it  were  practicable  to  use  the  criterion  of  viability 
based  upon  animal  infections,  and  satisfactorily  determine  the  viability 
of  cysts  of  E,  histolytica  and  Oiardia  intestiimlis,  it  would  have  had 
to  be  discarded  on  account  of  the  fact  that  no  infections  have  ever 
been  obtained  with  E,  coli,  Endolimax  nana,  lodamoeba  butschlii,  and 
Chilomastix  mesnili,  the  other  species  of  cysts  used  in  this  study. 

It  was  clear  that  neither  of  the  above  criteria  of  viability  were  prac- 
ticable in  their  application  to  the  study  of  all  the  different  cysts,  and 
this  made  it  necessary  to  search  for  a  criterion  which  could  be  uni- 
formly utilized  for  all  the  cysts  in  the  determination  of  their  resistan<je 
and  thermal-death  point. 

Kuenen  and  Swellengrebel  (1913)  were  the  first  persons  to  use  » 
dilute  aqueous  solution  of  eosin  as  a  criterion  of  viability  in  the  study 
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of  the  cysts  of  E.  histolytica.  This  stain  is  usually  employed  in  the 
concentration  of  1 :  1000.  The  above  investigators  held  that  this  stain- 
ing solution  colored  the  dead  cysts  upon  its  penetration  through  the 
cyst  wall,  while  the  living  cysts  were  not  affected  by  the  stain  and 
remained  very  refractive  in  appearance.  They  also  applied  the  test 
to  the  vegetative  forms  of-  E,  histolytica. 

Kuenen  and  Swellengrebel  believed  that  the  use  of  the  eosin  solution 
was  a  severe  test  in  ascertaining  the  death  of  the  cysts.  They  held  to 
the  rule  that  all  stained  cysts  were  dead,  and  that  all  the  cysts  which 
did  not  take  the  stain  were  viable.  These  investigators  noted  that 
the  cytoplasm  of  the  dead  cysts  became  coarsely  granular  in  appear- 
ance, and  that  it  shrank  away  from  the  cyst  wall  for  a  short  distance. 
When  motile  amoebae  were  killed  and  stained  by  the  eosin  solution, 
a  dissolution  of  the  cytoplasm  took  place,  leaving  the  nucleus  as  the 
only  remnant  of  the  original  organism. 

After  Wenyon  and  O'Connor  (1917)  had  placed  cysts  of  E.  histo- 
lytica in  boiling  water  and  in  strong  disinfecting  agents,  and  found 
that  they  stained  pink  in  the  eosin  solution,  while  other  cysts  not 
similarly  treated  remained  clear  and  refractive,  they  concluded  **.  .  . 
that  the  eosin-stained  cysts  are  dead,  though  it  may  be  argued  that 
others  which  do  not  stain  may  be  dead  also  or,  a-t  any  rate,  non- 
infective." 

Cutler  (1920)  added  experimental  proof  in  support  of  the  eosin 
criterion  of  viability  in  his  study  upon  the  cysts  of  the  soil  protozoa. 
This  investigator  was  able  to  bring  about  excystation  of  the  cysts  of 
the  soil  protozoa  which  were  not  stained  by  the  eosin  solution,  but  he 
was  unable  to  do  so  with  the  cysts  which  had  taken  up  the  stain  in 
their  cytoplasm.  Cutler's  experiments  were  not  sufficiently  guarded 
from  error,  however,  as  to  preclude  the  probability  that  a  number  of 
the  unstained  cysts,  also,  did  not  excyst,  for  the  number  of  cysts  at 
the  beginning  of  the  experiment  was  only  estimated,  and  likewise  the 
number  of  excysted  amoebae.  It  is  probable,  then,  that  not  all  un»- 
stained  cysts  underwent  excystation. 

Yoshida  (1920)  was  another  investigator  who  employed  the  eosin- 
criterion  of  viability  in  his  experiments  on  the  reproduction  in  vitro 
of  Endamoeba  tetragena  (histolytica)  and  Endamoeba  colt  from  their 
cysts.  He  noted  that  sometimes  the  cysts  did  not  take  the  stain, 
*'  although  their  nuclear  and  plasmic  structures  in  stained  prepara- 
tions were  shown  to  have  degenerated  or  to  have  disappeared.  .  .  . 
The  living  cyst  is  pale  and  markedly  light-refracting,  its  cytoplasm 
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is  generally  irregular,  in  large  granules,  and  it  appears  rigid.  The 
dead  cysts  which  refract  light  slightly  can  be  stained  with  eosin,  while 
those  which  are  markedly  light-refracting  do  not  take  the  stain."  He 
concluded,  as  a  result  of  his  experiments,  **.  .  .  that  cysts  taking  the 
eosin  stain  are  dead,  but  not,  on  the  other  hend,  that  all  dead  cysts 
absorb  this  stain."  This  conclusion  was  based  upon  experimental 
data  and  substantiated  the  theoretical  conclusion  of  Wenyon  and 
O'Connor  given  above. 

It  seemed  advisable,  however,  to  use  the  eosin-criterion  of  viability 
in  determining  the  thermal-death  point  of  cysts  of  parasitic  protozoa 
of  man,  since  it  could  be  applied  with  uniformity  to  the  study  of  all 
the  different  species  of  cysts.  Although  it  was  shown  by  other  work- 
ers, and  also  noticed  in  my  own  experiments,  that  some  of  the  cysts 
seemed  dead  from  the  appearance  of  their  plasmic  alterations,  but  did 
not  stain,  such  cysts  were  held  as  viable,  for  no  exceptions  were  taken 
to  the  fast  lines  of  distinction  between  things  alive  (unstained)  and 
things  dead  (stained)  which  the  eosin-criterion  of  viability  imposes. 
The  eosin-criterion  may  err — i.e.,  not  all  dead  cysts  may  take  up  the 
stain  yet  it  is  a  safe  criterion  to  adopt,  for,  as  Wenyon  and  O'Connor 
stated,  '*.  .  .  if  we  accept  the  eosin  test  as  a  criterion  and  regard  all 
unstained  cysts  as  living,  the  error  in  judgment  will  be  on  the  safe 
side." 

The  observations  and  experiments  upon  all  the  species  of  cysts  were 
made  at  Baltimore,  excepting  those  on  the  cysts  of  lodamoeba  huischlii 
and  Endolimax  nana;  these  were  made  at  the  Hygienic  Laboratory 
of  the  United  States  Public  Health  Service,  at  Washington,  D.  C.  I 
am  indebted  to  Miss  Katherine  Flower  for  the  preparation  of  some  of 
the  experiments  upon  these  particular  cysts.  I  also  wish  to  thank 
Dr.  Charles  E.  Simon  for  some  of  the  Giardia-  iyitestinalis  material 
used  in  this  study. 

Thermal-Death  Point. 

Technique. — From  the  work  of  Kuenen  and  Swellengrebel  (1913), 
and  also  from  the  observations  made  upon  the  experiments  by  the 
author,  it  was  apparent  that  the  stools  should  be  washed  several  times 
in  order  to  obtain  the  cysts  free  from  the  great  numbers  of  bacteria 
and  the  presence  of  the  chemical  products  of  decomposition  in  the 
feces,  which  exert  a  detrimental  influence  upon  the  vitality  of  the 
cysts.  In  one  experiment  with  the  cysts  of  Endmnoeba  histolytica^ 
Kuenen  and  Swellengrebel  (1913)  sliowed  that  the  cysts  in  one  batch, 
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which  were  kept  in  a  glass  of  water  in  which  there  was  a  marked 
growth  of  bacteria,  lived  only  16  days,  while  the  cysts  in  another 
batch,  which  were  kept  in  another  glass  of  water  containing  a  sparse 
growth  of  bacteria,  lived  29  days. 

In  some  preliminary  experiments  by  the  author  to  determine  the 
thermal-death  point  of  the  cysts  of  E,  histolytica,  the  feces  were  not 
washed  to  secure  the  cysts  free  from  the  large  numbers  of  bacteria 
and  the  putrefactive  products,  but  simply  broken  up  in  a  bottle  of 
distilled  water.  In  this  bottle  a  pellicle  soon  appeared  upon  the  sur- 
face of  the  water,  which  showed  that  the  bacteria  were  not  inhibited 
in  their  growth.  Eighty  per  cent,  of  the  cysts  were  dead  (stained 
with  eosin)  4  days  after  they  had  been  immersed  in  the  distilled 
water,  and  this  was  only  5  days  after  they  had  been  passed  in  the 
stool.  The  thermal-death  point  was  found  to  be  at  54°  C.  in  5  dif- 
ferent series  of  readings;  this  point,  as  it  will  be  seen  later,  was 
12°  to  14°  C.  lower  than  that  reached  with  cysts  taken  from  the  same 
feeal  specimen,  but  which  had  been  separated  from  the  bacteria  and 
the  putrefactive  substances  present  in  the  stool. 

Similar  results  were  obtained  in  experiments  made  with  the  cysts 
of  lodamaeba  biitschlii.  In  one  experiment  the  stool  was  not  washed, 
but  only  a  very  small  lump  of  feces  containing  the  cysts  was  placed 
in  each  of  the  several  test  tubes  along  with  a  little  distilled  water  and 
then  subjected  to  different  temperatures.  The  thermal-death  point 
occurred  at  54°  C. ;  this  was  12°  C.  lower  than  the  thermal-death 
point  obtained  with  cysts  which  had  been  washed  free  from  the  bac- 
teria and  chemical  substances  of  putrefaction  of  the  stool.  In  2  other 
experiments  the  cysts  were  not  washed  free  from  the  bacteria  and 
putrefactive  products  in  the  feces,  but  were  simply  suspended  with 
some  of  the  feces  in  a  battle  of  distilled  water,  then  comminuted  and 
allowed  to  stand.  The  medium  had  a  profuse  bacterial  growth  and 
a  pungent  odor.  Cysts  taken  from  this  supply  also  sliowed  a  lowered 
resistance,  and  the  thermal-de«th  point  was  at  56°  C.  in  one  series, 
and  54°  C.  in  the  other. 

These  experiments  demonstrated  that  the  presence  of  the  bacteria 
and  the  chemical  products  of  putrefaction  of  the  stool  affected  the 
vitality  of  the  cysts  by  lowering  their  resistance,  which  resulted  in  an 
abnormally  low  thermal-death  point. 

Accordingly  in  all  subsequent  attempts  to  secure  the  different  cysts 
for  the  experiments  on  thermal-death  point  determinations  the  stool 
was  comminuted  in  distilled  water,  strained  through  one  or  two  layers 
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of  cheese  cloth  to  catch  the  large  particles  in  the  feces,  and  then 
allowed  to  sediment  out  in  a  bottle.  Jhe  cysts  fell  to  the  bottom  of 
the  bottle  along  with  the  finer  debris.  The  supernatant  fluid  was 
drawn  off  and  new  distilled  water  added.  The  sediment  was  then 
shaken  up  into  a  suspension  again  and  allowed  to  settle  a  second  time 
and  the  supernatant  fluid  again  withdrawn.  The  process  was  re- 
peated until  the  supernatant  fluid  was  clear,  which  in  the  early  wadi- 
ings  was  colored  and  contained  large  numbers  of  bacteria  and  the 
soluble  putrefactive  substances.  The  cysts  were  transferred  with  the 
sediment  to  another  bottle  which  contained  about  50  to  100  c.c.  of  dis- 
tilled water,  and  kept  in  a  cool  place  where  the  temperature  varied 
from  12°  to  22°  C.  This  low  temperature  inhibited  the  excessive 
proliferation  of  the  bacteria  in  the  bottle,  for  at  no  time  was  a  pellicle 
seen  upon  the  surface  of  the  water,  nor  was  any  odor  ever  detected 
emanating  from  the  bottle  to  indicate  rapid  putrefaction.  In  these 
supply  bottles  the  cysts  were  found  in  the  fine  superficial  layer  of  silt 
which  had  precipitated  after  the  coarser  debris  had  first  settled  to 
the  bottom. 

To  determine  iheir  resistance  to  various  temperatures  and  the 
thermal-death  point,  the  cysts  were  withdrawn  with  a  little  sediment 
and  water  by  means  of  a  pipette  and  then  placed  in  small  test  tuhes 
of  the  size  employed  in  the  Wassermann  test.  The  sediment  and 
water  containing  the  cysts  in  each  tube  comprised  about  0.5  c.c.  in 
volume.  The  cysts  in  the  test  tube  were  placed  in  a  water  bath  after 
a  given  temperature  had  been  reached  and  kept  there  for  5  minutes. 
Precautions  were  always  taken  to  maintain  the  proper  temperature 
for  the  entire  5  minutes. 

In  the  experiments  to  determine  the  thermal-death  point  of  any  of 
the  different  cysts,  the  cysts  were  subjected  to  temperatures  having 
an  interval  of  2°  C.  between  them.  This  small  interval  made  it  pos- 
sible to  study  the  resistance  of  the  cysts  to  gradual  increases  in  tem- 
perature and  also  the  determination  of  the  number  of  dead  (stained) 
cysts  at  these  temperatures.  After  their  exposure,  some  of  the  c}^ts 
were  taken  from  the  test  tubes  and  examined  upon  the  same  day  or 
allowed  to  wait  until  the  following  day,  in  order  to  ascertain  how 
many  were  dead.  No  marked  difference  was  noticeable  in  the  results 
of  the  examinations  made  upon  the  c^'^ts  the  same  day  that  they  had 
been  exposed  to  the  temperature,  and  the  results  of  the  examinations 
of  the  cysts  made  on  the  following  day.  The  thermal-death  point  was 
the  same  in  most  cases. 
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Examinations. — The  examination  of  the  cysts  was  as  follows:  A 
drop  of  the  sediment  containing  the  cysts  was  taken  from  each  of  the 
test  tubes  by  means  of  a  pipette  and  deposited  upon  a  glass  slide. 
There  it  waa  rubbed  up  in  a  small  drop  of  the  eosin  solution  (a  1  per 
cent,  concentration  was  used  in  these  investigations).  A  coverslip 
was  then  placed  upon  this  stained  wet-preparation.  In  the  examina- 
tion of  the  stained  wet-preparation,  a  **  reading''  constituted  the 
counting  of  the  first  50  cysts  observed,  8tad  recording  the  number  out 
of  these  which  stained  (dead).  Therefore  the  figure  recorded  in  the 
tables  to  follow  under  each  interval  of  temperature  always  represents 
the  number  of  stained  cysts  found  in  the  first  50  cysts  encountered^ 
These  stained  cysts  had  died  as  a  result  of  their  exposure  to  the  dif-^ 
ferent  temperatures.  A  control  reading  was  made  for  each  series.. 
This  reading  was  made  upon  cysts  which  had  not  been  subjected-  to- 
any  heat  previous  to  their  examination.  They  were  taken  from  the 
aanue  supply  bottle  as  were  the  cysts  which  had  been  exposed  to  the- 
high  temperatures  in  the  determination  of  the  thermal-death  point. 

A  neutral  red  solution  was  also  tried  instead  of  the  eosin  solutionv 
as  a  test  of  viability,  but  it  had  no  advantage  over  the  latter.    Boot: 
(1921)  used  the  neutral  red  solution  to  determine  the  period  of  sur- 
vival of  the  cysts  in  the  gut  of  the  fly,  and  found  that  2  to  4  per  cent^ 
more  cysts  stained  by  the  neutral  red  than  by  the  eosin,  and  he  con- 
eluded  that  the  neutral  red  test  was  a  little  more  delicate  compared  to 
the  eosin  criterion.     A  difference,  however,  of  2  to  4  per  cent,  means 
only  1  or  2  additional  stained  cysts,  since  only  the  number  of  living 
cysts  were  recorded  out  of  the  first  50  cysts  encountered,  and  a  varia- 
bility of  this  slight  extent  very  often  occurred  between  2  successive 
readings  for  any  interval,  when  using  either  neutral  red  or  the  eosin 
solution.     It  seems  likely,  therefore,  that  the  difference  of  2  to  4  per 
cent,  might  well  be  included  in  the  scope  of  experimental  error,  and 
that  solutions  of  neutral  red  and  eosin  are  equally  efficient  as  indi- 
cators of  death. 

Definition. — Several  series  of  readings  were  made  for  the  cysts  of 
the  different  parasitic  protozoa,  and  in  most  cases  the  temperature  at 
which  all  the  cysts  were  found  stained  by  the  eosin,  in  the  majority 
of  the  series,  was  considered  the  thermal-death  point.  As  a  rule  it 
was  found  that  the  different  series  of  readings  of  any  one  species  of 
cysts  did  not  vary  materially  from  each  other,  and  that  the  thermal- 
death  point  was  generally  constant  within  2°  C. 

The  thermal-death  point  was  determined  for  the  cysts  of  the  follow- 
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ing  parasitic  intestinal  protozoa  of  man :  Endamoeba  histolyiica,  Enda- 
moeba  coli,  Endolimax  nana,  lodamoeha  biltschlii,  Giardia  intestiwUis 
and  Chilomastix  niesnUi* 


Endamoeba  histolyiica  cysts. 

The  cysts  of  E.  histolytica  were  obtained  from  two  sources.  The 
cysts  used  in  the  first  4  series  of  readings  (Table  1)  to  determine  the 
thermal-death  point  were  passed  in  a  stool  on  December  8,  1919,  by  a 
patient  who  was  undergoing  treatment  for  amoebic  dysentery.  The 
cysts  which  were  used  in  the  last  4  series  of  readings  came  from  the 
feces  of  a  healthy  carrier  on  December  14,  a  year  later.  The  cysts 
from  both  sources  did  not  differ  in  proportion,  both  belonging  to  the 
rsame  size  race.  When  unstained  they  measured  from  9  to  12  microns 
In  diameter ;  those  with  a  diameter  of  10  to  11  microns  predominated. 
The  cysts  from  the  first  supply  contained  no  chromatoidal  bodies.  A 
small  minority  of  the  cysts  of  the  second  supply  showed  these  bodies 
to  be  feebly  developed.  In  both  supplies  the  cysts  contained  either 
1,  2  or  4  nuclei ;  the  4-nucleated  cysts  were  the  most  numerous.  The 
cysts  containing  1,  2  or  4  nuclei  appeared  equally  susceptible  to  the 
high  temperatures. 

TABLE    1. 
Series  of  readings  to  show  the  thermcU-decfth  point  of  the  cysts  of  E.  histolytica 

at  64""  to  eS""  C. 


No.  of 
Series. 

Date  of  Series. 

1 

Cysts  passed. 

1 

^    1 

50° 

1      ,      1      ! 

52°   54°   56°;  58°   60°   62°:  64° 

<                 1 
1                 1 

66°   68°'         Examia?<i 

1 

2 
3 

4 
5 
6 

7 
8 

Jan.  28,  1920 
Jan.  29,  1920 
Feb.    6,  1920 
Feb.  10, 1920 
Dec.  23,  1920 
Dec.  23,  1920 
Dec.  27,  1920 
Dec.  27,  1920 

Dec.    8,  1919  ' 
Dec.    8,  1919 
Dec.    8,  1919 
Dec.    8,  1919 
Dec.  14,  1920 
Dec.  14,  1920 
Dec.  14,  1920 
,  Dec.  14,  1920^ 

1  1  12 
1 
3 
4 

5  ' 
5 

8 
8 

11 

12   18  22  38 

!  35   43   42   48 
28  40  47   46  48   50 
34  44   46   49    50 
19  30  32   41   42   45 
19  33  35i  40   43;  44 
25  29  38   41    45   47 

23  30  33   38   46   48 

i 

'  Jan.  29, 19"i0 

50         Jan.  29, 195 

Feb.   6,1^ 

'       iFeb.10,195 

48  50  Dec.  24, 1920 

47:  50  Dec.  24,1^^ 

49  50  Dec.  28, 1930 
49   50  Dec.  28, 1930 

The  fii*st  4  series  of  readings  (Table  1)  were  made  6  to  8  weeks 
after  tlie  cysts  had  been  passed  with  the  feces.     These  cysts,  therefore. 

*  The  nomenclature  employed  to  designate  the  different  human  intestinal  pro- 
tozoa is  that  nio.st  current  in  use,  and  it  was  for  this  reason  alone,  that  the  above 
terms  were  thought  advisable.  Until  an  opinion  is  forthcoming  from  the  Int^r- 
nationjil  Commission  on  Zoological  Nomenclature,  it  seems  best  to  applj  the 
names  of  more  common  usage  to  the  parasites  and  not  to  comj)licate  the  problem 
further  by  giving  other  generic  and  specific  terms. 
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had  undergone  some  degeneration.  The  thermal-death  point  in  these 
series  occurred  at  either  64°  or  66°  C.  A  year  later,  beginning  De- 
cember 23, 1920,  4  more  series  were  made  with  the  cysts  obtained  from 
the  feces  of  the  healthy  carrier.  In  these  cysts  little  or  no  degenera- 
tion had  taken  place,  for  they  were  oTily  somewhat  over  1  week  old 
when  the  first  series  was  made.  This  is  the  5th  series  in  Table  1. 
The  control  showed  only  5  dead  cysts  out  of  the  first  50  counted.  The 
5th,  6th,  7th  and  8th,  all  made  from  the  second  supply  of  cysts, 
showed  the  temperature  of  68°  C.  to  be  the  thennal-death  point. 

The  thermal-death  point  in  the  last  4  series  was  2°  C.  higher  than 
that  found  for  the  cysts  used  in  the  first  4  series  of  readings.  The 
rise  in  the  thermal-death  point  was  probably  due  to  the  use  of  fresh 
cysts  as  compare<l  to  those  used  in  the  first  4  series.  It  was  also 
Accounted  for  by  the  fact  that  the  last  4  series  were  made  within  a 
short  time  after  the  cysts  were  passed  out  of  the  human  body,  while 
the  first  4  series  occurred  within  2  weeks  of  each  other,  but  from  one 
to  two  months  after  the  passage  of  the  cysts  in  the  feces.  Hence  it 
would  appear  that  in  view  of  the  fresh  condition  of  the  cysts  of  the 
last  4  series  the  thermal-death  point  of  68°  C.  was  ckser  to  the  truth 
than  that  of  64°  and  66°  C.  in  the  earlier  readings.  It  is  more  than 
probable  that  the  resistance  of  the  cysts  used  in  the  first  4  series  had 
been  lowered  by  some  outside  factors,  such  as  the  presence  of  bacteria 
and  putrefactive  substances,  which  had  collected  in  the  supply  bottle 
from  which  the  cysts  were  taken  for  the  experiments.  Although  the 
temperature  (12°  to  22°  C.)  was  low  and  inhibited  the  rapid  pro- 
liferation of  the  bacteria  in  the  bottle,  yet  by  the  time  the  first  4  series 
of  readings  were  made,  which  was  6  to  8  weeks  after  the  cysts  had 
been  washed  and  placed  in  the  bottle,  it  was  probable  that  the  bacteria 
had  multiplied  to  such  an  extent  that  they  and  the  products  of  putre- 
faction had  accumulated  to  the  detriment  of  the  cysts.  The  lowered 
resistance  in  these  cysts  resulted  in  the  lower  thermal-death  point. 

An  average  series  of  readings  (Table  2)  was  computed  from  the 

■ 

TABLE  €. 

An  avercLge  aeries  of  the  cysts  of  E.  histolytica  to  show  the  increase  in  morta'ity 

with  each  vicrease  in  temperature. 


48**  I  50**  !  52*'  '  54*^    56**  I  58**  !  60**  !  62**  ,  64** 


66**    68* 


Cysts  of  E.  histolytica... \  12  I  11   !   12      22     31.1  37.7' 42.1    45     47.4' 48.6    50 
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8  series  given  in  Table  1.  At  the  lower  temperatures,  48°  to  52**  C, 
wbich  were  10°  to  14°  above  that  of  the  human  body,  the  cysts  were 
very  resistant  At  52°  C.  only  12  cysts  were  stained  out  of  the  first 
50  cysts  observed  in  the  examination,  or  24  per  cent.  When  the  cyst* 
were  exposed  to  temperatures  higher  than  52°  C,  the  number  of  dead 
cysts  increased  with  each  increase  of  temperature,  until  all  of  them 
were  dead  at  the  thermal-death  point  of  68°  C. 

Endamoeba  coli  cysts. 

The  supply  of  cysts  of  Endamoeba  coli  was  obtained  from  the  feces 
of  a  patient  who  resided  in  Mississippi ;  the  specimen  was  received  on 
January  15,  1920.  The  stool  upon  examination  showed  a  great  num- 
ber of  E.  coli  cysts  which  measured  from  15  to  21  microns  in  diameter, 
and  also  a  large  number  of  motile  Amoeba  lim/ix.  On  February  5, 
1920,  the  stool  was  washed  and  the  cysts  were  placed  in  a  bottle  with 
distilled  water,  in  the  same  manner  as  in  the  preparation  of  the  cirsts 
of  E.  histolytica.  At  this  time  the  motile  forms  of  Amx>eba  limnx  had 
all  encysted ;  the  cysts  were  present  in  aggregates  resembling  clusters 
of  grapes.  These  cysts  were  small,  measuring  about  9  microns  in 
diameter,.and  possessed  a  single  vesicular,  visible  and  centrally  located 
nucleus  and  a  very  rough  and  thick  wall.  On  account  of  these  char- 
acteristics they  led  to  no  confusion  in  the  examination  of  the  E.  coli 
cysts.  The  cysts  of  Amoeba  Umax  often  remained  alive  after  their 
subjection  to  a  temperature  of  76°  C.  for  5  minutes. 

The  first  series  of  readings  to  determine  the  thermal-death  point  of 
the  cysts  of  E.  coli  was  made  on  February  10,  1920,  when  the  cysts 
were  more  than  3  weeks  old,  and  after  their  washing  5  days  previously. 
The  first  series  of  readings  (Table  3)  ran  from  52°  to  70°  C.  and 
demonstrated  that  the  thermal-death  point  lay  beyond  70°  C.  since 
only  39  cysts  were  dead  out  of  the  first  50  observed.  It  also  showed 
that  the  temperatures  of  52°  to  64°  C.  had  very  little  effect  upon  the 
cysts,  for  the  number  dead  remained  about  the  same  for  the  intervals 
between  these  limits.  The  cysts  began  to  show  marked  susceptibility 
to  only  those  temperatures  abote  64°  C. 

In  most  of  the  following  series  of  readings  the  thermal-death  point 
of  the  cysts  of  E,  coli  was  at  either  74°  or  76°  C.  In  the  6th  and  7tli 
series  of  February  25  and  March  3,  however,  the  thermal-death  point 
fell  to  72°  C.  As  in  the  case  of  the  cysts  of  E.  histolytica,  when  a  fall 
in  the  thermal-death  point  octeurred,  the  decline  was  due  in  all  prob- 
ability to  some  outside  influence,  such  as  bacteria  or  chemical  sub- 
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8  series  given  in  Table  1.  At  the  lower  temperatures,  48°  to  52°  C, 
which  were  10°  to  14°  above  that  of  the  human  body,  the  cysts  were 
very  resistant  At  52°  C.  only  12  cysts  were  stained  out  of  the  first 
50  cysts  observed  in  the  examination,  or  24  per  cent.  When  the  cysts 
were  exposed  to  temperatures  higher  than  52°  C,  the  number  of  dead 
cysts  increased  with  each  increase  of  temperature,  until  all  of  them 
were  dead  at  the  thermal-death  point  of  68°  C. 

Endamoeba  coli  cysts. 

The  supply  of  cysts  of  Endamoeba  coli  was  obtained  from  the  feces 
of  a  patient  who  resided  in  Mississippi ;  the  specimen  was  received  on 
January  15,  1920.     The  stool  upon  examination  showed  a  great  num- 
ber of  E.  coli  cysts  which  measured  from  15  to  21  microns  in  diameter, 
and  also  a  large  number  of  motile  Amoeba  lim^ix.     On  February  5, 
1920,  the  stool  was  washed  and  the  cysts  were  placed  in  a  bottle  with 
distilled  water,  in  the  same  manner  as  in  the  preparation  of  the  cysts 
of  E,  histolytica.     At  this  time  the  motile  forms  of  AmrOeba  Umax  had 
all  encysted;  the  cysts  were  present  in  aggregates  resembling  clusters 
of  grapes.     These  cysts  were  small,  measuring  about  9  microns  in 
diameter,.and  possessed  a  single  vesicular,  visible  and  centrally  located 
nucleus  and  a  very  rough  and  thick  wall.     On  account  of  these  char- 
acteristics they  led  to  no  confusion  in  the  examination  of  the  E.  coH 
cysts.     The  cysts  of  Amoeba  Umax  often  remained  alive  after  their 
subjection  to  a  temperature  of  76°  C.  for  5  minutes. 

The  first  series  of  readings  to  determine  the  thermal-death  point  of 
the  cysts  of  E.  coli  was  made  on  February  10,  1920,  when  the  cysts 
were  more  than  3  weeks  old,  and  after  their  washing  5  days  previously. 
The  first  series  of  readings  (Table  3)  ran  from  52°  to  70°  C.  and 
demonstrated  that  the  thermal-death  point  lay  beyond  70°  C,  since 
only  39  cysts  were  dead  out  of  the  first  50  observed.  It  also  showed 
that  the  temperatures  of  52°  to  64°  C.  had  very  little  effect  upon  the 
cysts,  for  the  number  dead  remained  about  the  same  for  the  interval^ 
between  these  limits.  The  cysts  began  to  show  marked  susceptibility 
to  only  those  temperatures  abote  64°  C. 

In  most  of  the  following  series  of  readings  the  thermal-death  point 
of  the  cysts  of  E,  coli  was  at  either  74°  or  76°  C.  In  the  6th  and  7th 
series  of  February  25  and  March  3,  however,  the  thermal-death  point 
fell  to  72°  C.  As  in  the  case  of  the  cysts  of  E.  histolytica,  when  a  fal^ 
in  the  thermal-death  point  occurred,  the  decline  was  due  in  all  prob- 
ability to  some  outside  influence,  such  as  bacteria  or  chemical  sub- 
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stances,  which  lowered  the  resistance  of  the  cysts  and  caused  their 
early  death.  A  part  of  the  proof  for  this  .statement  is  based  upon  the 
experimental  data  given  above,  showing  how  the  presence  of  large 
numbers  of  bacteria  and  the  products  of  putrefaction  resulted  in  a 
lower  thermal-death  point  of  the  cysts  of  E.  histolytica  and  lodamoeba 
biitschlii,  and  also  upon  the  fact  that  this  outside  influence  which 
increased  the  rate  of  mortality  and  lowered  the  thermal-death  point 
of  the  cysts  of  E.  coli  on  February  25  and  March  3  was  only  tem- 
porary, for  the  thermal-death  point  was  again  back  at  76°  C.  on 
March  8.  The  resistance  of  the  cysts  was  only  lowered  for  the  brief 
period  from  February  25  to  March  8,  after  which  time  those  cysts 
which  did  not  succumb  regained  their  original  power  of  resistance. 

More  proof  of  the  temporary  presence  of  this  influence  may  be  seen 
by  a  study  of  the  controls  of  the  different  series.  In  series  1,  Feb- 
ruary 10  (Table  3),  7  cysts  were  dead  in  the  control,  and  this  number 
decreased  to  5  in  the  2d  series  on  February  12,  and  again  to  4  in 
the  3d  series  on  February  17,  at  which  number  it  remained  until 
February  25.  On  February  25,  in  series  6,  the  number  of  dead  cysts 
in  the  controls  increased  to  8,  and  later  in  series  7,  on  March  3,  to 
24;  after  which  a  decrease  ensued,  with  19  cysts  dead  on  March  8, 
and  only  12  in  the  last  series  on  April  14,  1920.  The  period  when 
the  outside  influence  was  present  in  the  bottle  which  lowered  the 
resistance  of  the  cysts  and  their  thermal-death  point  coincides  exactly 
with  the  period  when  a  large  number  of  cysts  were  dead  in  the  con- 
trol. This  fact  was  proof  that  the  increased  death  rate  among  the 
cysts  was  due  directly  to  this  outside  temporary  influence. 

The  reason  the  controls  of  March  3,  March  8,  and  April  14  diii 
not  show  a  larger  number  of  dead  cysts  than  they  did,  since  the  ex- 
amination upon  these  dates  was  made  after  the  period  of  an  increased 
rate  of  mortality,  was  due  to  the  disappearance  of  the  stained  cyst^ 
which  had  died  some  time  previously,  through  plasmolysis  and  dis- 
integration. On  these  dates  many  empty  cysts  were  found  in  the 
course  of  the  examination. 

It  was  found  that  in  a  supply  of  cysts  in  which  there  was  an  in- 
creased death  rate,  which  had  been  preceded  and  followed  by  a  slower 
one,  that  the  small  number  of  dead  cysts  which  occurred  as  a  result 
of  a  slow  death  rate  at  once  became  much  larger  in  the  period  char- 
acterized by  an  increase  in  the  rate  of  mortality,  and  that  after  this 
latter  period  of  a  rapid  death  rate  the  number  of  cysts  became  less 
again  as  a  direct  result  of  two  factors — the  resumption  of  a  slow  rate 
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of  mortality  aiid  the  disappearance  of  the  dead  cysts  through  plas- 
molysis  and  disintegration.  Had  the  dead  cysts,  which  died  during 
the  previous  period  of  a  rapid  death  rate,  not  disappeared,  then  the 
number  of  dead  cysts  would  have  been  larger  when  the  slow  death 
rate  was  resumed  again. 

TABLE    4. 

An  average  series  of  readings  of  the  cysts  of  E.  coli  to  show  the  increase  in  mor- 
tality with  each  increase  in  temperature. 


50**  52**  54**  56*^  58**  60**  62°    64**    66**     68 

I  I 


I 

1 

o   1   mo      TOO   1  *rAO    t^o 


Cysts  of  ^.co/i....,  7     12'  10   13   14   13    14      14  i  33     33.5 


70°     72**  1  74**  76' 


43.3  47.3  48.6  50 


In  Table  4  are  the  figures  of  a  series  of  readings  for  the  cysts  of 
E,  coli,  which  represent  an  average  of  the  9  series  in  Table  3.  This 
average  series  of  readings  shows  the  high  resistance  of  the  E.  coli 
cysts  at  temperatures  ranging  from  52°  to  64°  C.  At  64°  C.  94  per 
cent,  of  the  cysts  of  E.  histolytica  had  succumbed  to  the  heat,  but 
Table  4  shows  that  only  28  per  cent,  of  the  E.  coli  cysts  died  after 
exposure  to  this  temperature.  The  cysts  of  E.  coli  were  less  sus- 
ceptible to  the  high  temperatures  than  the  cysts  of  E,  histolytica. 
The  thermal-death  point  at  76°  C.  is  at  least  6  degrees  higher  than 
that  of  E,  histolytica  cysts. 

lod-amoeba  hiitschlvi  cysts. 

The  cysts  of  this  parasitic  amoeba  were  previously  known  as  **  I  '*- 
cysts,  because  they  usually  show  one,  and  sometimes  two,  deep  brown 
colored  masses  in  the  cytoplasm,  in  the  presence  of  an  iodin  solution. 
The  brown  masses  are  composed  of  glycogen  and  each  is  situated  in  a 
vacuole.  The  glycogen  disappears  in  the  course  of  the  technique  used 
with  a  permanent  stain,  such  as  iron-hematoxylin,  leaving  the  vacuole 
empty.  In  1919  Dobell  created  the  genus  lodanweha  for  this  parasite 
and  the  specific  name  hiitschUi  was  retained  from  an  earlier  descrip- 
tion by  Prowazek  in  1912,  of  what  is  perhaps  the  same  parasite,  and 
which  was  then  called  Entamoeba  biitschlii.  Dobell  (1919)  believed 
that  Prowazek 's  Entamoeba  biitschlii  was  identical  with  the  motile 
organism  of  the  '*  I  ''-cysts  and  now  known  as  lodnmoeba  biitschlii 
(Prowazek  1912  emend). 

The  cysts  are  very  irregularly  shaped  and  measure  from  8  to  20 
microns  in  diameter.     The  cysts  most  often  encountered  measured 
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from  10  to  16  microtuL  They  gesenlly  bare  ooty  a  nn^  radev, 
bat  occammaUr  a  2-uiicleated  eyst  may  be  found.  Ibe  nuAmu  u 
ioviaiUe  in  an  onBtained  preparation,  bat  Trben  tite  eyate  are  Mained 
with  a  aolution  of  iodin  the  nodeiu  beoomea  viaiUa  vith  a  nan  or  kN 
refractive  membrane  and  a  large,  brightly  refractiTe  fnd  eecaitrieally 
mtnated  karyoaome.  'Hie  latter  appears  to  be  lodged  upon  the  men- 
brane.  In  preparaticma  stained  with  iron  hematoxylin  tJu  lai^ 
karyoaome  does  not  lie  directiy  upon  tiie  nodear  membrane,  and 
peripheral  chromatin  may  be  sees  lying  in  the  space  between  it  aoi 
the  nnolear  membrane.  Vbe  perii^iwal  chromatin  may  often  be  bcoi 
to  be  ag^merated  into  a  Orescentie  nuisa  sa<^  aa  was  first  noticed  by 
Brag  (1919).  The  cytoj^agm  oontsios  lai^  refractiTe  grannies; 
these  may  be  seen  both  in  the  nnstained  cysts  and  those  stained  with 
ttie  scdatum  of  iodin. 

Five  series  of  readings  were  m^e  to  determine  tbe  thermal-deatt 
point  of  the  cysta  of  lodamoeha  butsckln.  The  cysts  wtaee  all  obtained 
from  a  sin^  q>ecimen  of  feces  which  was  passed  on  December  15, 
1920. 

TASLE   S. 


SorlM  of  TWimga  t 
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Dec.  20, 1920 

3     Dec.  13,  1920  ; 

1) 

17 

44 

45 

49I5O 

Dec.  20. 1920 

4    1  Dec.  21,  1920             " 

1) 

11 

•H 

Dec.  22, 1920 

6     Dec.  21,  19201 

0 

12  22 

38 

4«]4H 

50 

Dec.  22, 1920 

The  Ist,  iVa.  and  5th  series  of  readings  gave  the  thermal-death  point 
at  64°  C,  while  the  2d  and  3d  series  showed  that  all  the  cysts  had 
died  at  62°  C.  (Table  5).  The  thermal-death  point  of  62°  to  64°  C 
for  the  cysts  of  lodamoeba  biitschlii  was  lower  than  that  of  E.  hut**- 
lytiea  and  E.  coli.  No  doubt,  therefore,  the  cysts  are  not  so  refflstant 
as  those  of  the  other  parasitic  amoebae.  But  at  the  lower  tempera- 
tures of  50°  to  54°  C.  the  cysts  were  strongly  resistant  to  the  he>t 
A  great  increase  in  the  number  of  dead  cysts  occurred  at  56°  C 
(Tables  5  and  6)  over  the  number  of  dead  at  54°  C.  Less  than  one 
half  as  many  dead  cysts  were  found  at  54°  C.  than  were  found  >' 
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56**  C.    The  number  of  dead  cysts  was  gradually  augmented  at  the 
subsequent  temperatures  below  the  thermal-death  point. 

In  the  examinations  of  the  control  of  each  series  of  readings  no 
stained  cysts  were  seen,  but  the  cysts  showed  other  changes.  It  was 
noticed  that  a  gradual  decrease  in  the  amount  of  glycogen  had  taken 
place.  On  December  16  all  the  cysts  had  glycogen  in  their  vacudle, 
but  on  December  22  only  a  small  number  of  the  cysts  had  the  vacuole 
completely  filled,  while  most  of  the  aysts  had  either  an  empty  vacuole 
or  the  vacuole  contained  less  glycogen  than  originally,  as  it  did  not 
stain  so  deeply  in  the  presence  of  the  iodin  solution. 


TABLE    6. 

An  average  series  of  readings  of  the  cysts  of  lodamoeha  hUtschlii  to  show  the 
increase  in  mortality  with  each  increase  in  temperature. 


CjTBts  of  lodamoeha  hlUschlii 


50^ 

62** 

64"' 

56'' 

58** 

60** 

62** 

4 

8 

13 

30.6 

43.6 

47.6 

49.2 

64* 


50 


An  average  series  of  readings  is  given  in  Table  6;  it  was  derived 
from  the  5  series  of  readings  given  in  Table  5.  The  larger  number 
of  cysts  died  after  their  exposure  to  the  temperatures  above  56**  C. 
The  thermal-death  point  was  at  64°  C.  The  cysts  of  lodamoeha  iUt- 
schlii  might  be  expected  to  remain  viable  for  a  long  period  of  time 
in  a  bottle  with  distilled  water,  if  kept  at  a  temperature  from  12°  to 
22**  C,  for  they  were  very  resistant  to  temperatures  below  54°  C. ; 
after  5  minutes'  exposure  to  the  latter  temperature,  only  18  per  cent. 
of  the  cysts  were  dead.  The  great  increase  in  mortality  occurred  at 
56**  C,  when  more  than  twice  as  many  cysts  died  from  exposure  than 
at  54**  C. 

Endolimax  n<ina  cysts. 

The  Endolimax  nana  cysts  were  first  described  by  Wenyon  and 
O'Connor  (1917)  under  the  name  of  Entamoeba  nana,  but  Brug 
(1919)  showed  that  this  organism  should  be  classified  under  a  new 
genus,  since  it  differed  greatly  from  the  members  of  the  genus  Enta- 
moeba; he  accordingly  assigned  it  to  the  genus  Endolimax  and  re- 
tained the  specific  name  of  nana.  Lately  Dobell  (1919)  has  added 
considerably  to  our  knowleelge  of  this  parasite  of  man  by  describing 
the  motile  organism. 

The  cysts  of  Endolimax  nana  are  generally  ovoid  in  shape  and 
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measure  from  8  to  10  microns  in  length  (Dobell,  1919).  They  do  not 
show  any  internal  structure  in  unstained  preparations,  except  for  the 
presence  of  a  few  refractive  (rranules.  In  iodin  solution  the  cyto- 
plasm usually  stains  yellow,  and  not  brown,  as  is  grenerally  the  case 
with  the  other  species  of  amoebic  cysts.  The  nuclei  are  very  small 
and  indistinctly  visible.  Each  nucleus  contains  a  karyosome  which 
may  appear  brownish  when  viewed  in  one  focal  plane,  and  refractive 
when  seen  in  another.  The  karyosome  is  eccentrically  situated  in  a 
clear  area  and  upon  the  nuclear  membrane.  The  nuclei  are  from  1  to 
4  (sometimes  8)  in  number.  There  is  no  peripheral  chromatin.  The 
nuclear  membrane  is  generally  indistinct  in  specimens  stained  with 
iodin,  but  visible  in  those  well  decolorized  after  staining  by  iron- 
haematoxylin.  The  presence  of  the  small  granules  which  in  iodin 
solution  appear  brownish  and  refractive,  depending  as  in  the  case  of 
the  karyosome  upon  the  particular  focal  plane  in  which  they  are 
viewed,  may  be  confused  with  the  nuclei  at  first  sight,  but  these 
granules  are  not  situated  in  a  clear  area  as  are  the  nuclei.  Dobell 
(1920)  claims  that  the  cysts  do  not  contain  any  vacuoles  or  chromatoid 
bodies.  Cysts  containing  glycogen,  however,  were  encountered  on 
rare  occasions,  but  it  was  not  clear  whether  the  glycogen  was  situated 
in  a  vacuole,  as  in  the  cysts  of  lodamoeba  biitschlii,  or  localized  within 
the  cytoplasm  itself,  as  in  Griardia  cysts.  The  glycogen  body,  accord- 
ingly, was  not  so  definitely  set  off  in  the  cytoplasm  as  in  the  cysts  of 
lodnmoeha  hiltschlii.  Cysts  have  also  been  seen  Which  contained  small 
bodies  of  varied  shapes  which  stained  like  chromatin.  It  is  possible 
that  they  represented  chromatoid  bodies,  but  again  they  may  have 
been  inclusions  of  another  nature. 

The  cysts  used  in  the  experiments  to  determine  their  thermal-death 
point  wore  characterized  by  the  description  given  above,  except  that 
the  size  was  more  variable.  The  cysts  measured  from  6  to  12  microns 
in  their  greatest  diameter.  They  were  both  ovoid  and  spheroidal  in 
shape.  In  all  other  respects  it  may  be  said  that  they  answered  to  the 
description  given  by  Dobell  (1920,  pi.  2,  fig.  10).  The  stool  contain- 
ing the  cysts  of  Endolimas  nana  was  passed  on  February  4,  1921. 

Eight  series  of  readings  (Table  7)  were  made  to  determine  the 
thermal-death  point  of  this  species  of  cyst.  With  the  exception  of  the 
first  series  of  readings,  the  thermal-death  point  occurred  at  64''  C 
A  fair  degree  of  uniformity  existed  in  tlfe  number  of  dead  cysts  for 
each  interval  of  temperature  in  all  the  series  of  readings.  There  were 
two  striking  features  of  the  8  series.     The  first  was  the  reraarkablj 
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small  Dumber  of  dead  cysts  which  occurred  at  50°  C,  for  only  4  per 
cent,  of  the  cysts  were  found  stained.  These  cysts  proved  to  be  the 
most  resistant  of  all  species  at  this  particular  Interval.  The  other 
striking  feature  of  the  series  of  readings  was  the  great  increase  in 
mortality  which  occurred  at  60°  C.  over  that  of  the  preceding  interval 
of  temperature.  In  nearly  all  the  series  there  were  twice  as  many 
dead  cysts  at  60"  C.  than  at  58°  C.  This  is  shown  in  Tabic  8,  where 
an  average  of  18.6  cysts  were  dead  at  58°  C,  while  an  average  of  36.5 
cysts  were  dead  at  60°  C. 

TABLE   8.  ' 

An  average  aeries  of  readings  of  the  cysts  of  Endolimaa  nana  to  show  the  irmreate 
in  morti^Uy  with  each  increase  in  temperature. 


Cysts  of  BndoUmax  n- 


7.5    I    12.2  '    18.6 


36.5     47.1  ;    SO 


The  average  series  of  readings  in  Table  8  was  made  from  the  8  series 
given  in  Table  7.  This  .scries  showed  how  remarkably  resistant  the 
cysts  of  Endoli-ma<c  v-ana  were  to  the  temperatures  of  50°  C,  but  how 
there  was  a  gradual  increase  in  the  number  of  dead  cysts  with  each 
increase  of  temperature  up  to  60°  0.  At  this  latter  temperature, 
however,  a  very  marked  increase  of  .36  per  cent,  occurred  in  the  num- 
ber of  dead  cysts.  An  increase  of  21  per  cent,  took  place  at  the  next 
interval  of  62°  C,  which  was  the  same  as  that  determined  for  the 
cysta  of  lodamoeba  biUschtii  (Table  6), 
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On  aeoount  af  Hie  mmilarity  in  moriAiologyy  except  for  six^  of  their 
Badei,  tbe  tgrsts  of  ladamaeba  butsdhUi  and  Bn^Mimam  nana  may 
appear  to  belong  to  a  single  genns.  Aside,  however,  from  the  other 
differences,  purely  in  morphology,  which  is  the  reason  for  consigning 
these  cysts  to  two  different  genera  and  species,  is  the  evidenee  obtained 
in  the  experiments  to  determine  their  respectaye  thermal-death  point 

If  we  compare  the  smes  of  readings  tor  Ae  <gr8ts  of  lodamaeba 
huisMH  with  those  for  Endolimax  fuma,  there  are  at  once  certain 
points  of  similarity,  as  well  as  others  which  are  different^  for  eadi 
species  of  cyst.  It  will  be  seen  from  Tables  6  and  8  that  the  thermal- 
death  point  of  both  the  cysts  ot  lodamoeha  huisehUi  and  Endolimax 
noma  was  at  64**  C.  In  this  respect  these  two  species  of  q^sts  are 
similar.  This  fact  might  be  constmed  as  evidence  in  favor  of  tiiese 
cysts  belonging  to  the  same  genns  and  species  were  it  not  for  the 
additional  fact  that  the  readings  differed  from  each  other  for  the  ton- 
peratures  below  the  thermal-death  point.  The  cysts  of  EndMmnx 
nana  were  more  resistant  than  those  of  lodamoeha  hutsMU  at  a  tem- 
perature of  50"*  C,  and  whereas  the  great  increase  in  mortality  oe- 
curred  at  Se*"  C.  (Table  6)  for  the  cysts  ot  lodamoeha  huiMcUM,  a 
similar  increase  in  mortality  occurred  at  60**  C.  (Table  8)  for  the 
cysts  of  Endolimax  nana.  It  was  apparent  from  this  study  that  the 
resistance  of  these  two  species  of  cysts  was  not  the  same  when  sub- 
jected to  temperatures  between  50**  C.  and  64**  C,  and  the  presence 
of  this  fact  along  with  the  differences  in  morphology  does  not  seem 
to  warrant  placing  these  cysts  in  the  same  genus  and  species  at  the 
present  time.  Later,  if  it  is  shown  that  these  organisms  are  but  dif- 
ferent size  races  of  the  same  genus  and  species,  or  are  otherwise 
generically  related,  then  the  differences  in  their  resistance  to  high 
temperatures  must  receive  a  new  interpretation,  possibly  from  a 
physiological  viewpoint,  than  that  given  above  which  appears  as  evi- 
dence in  favor  of  separating  these  forms  both  as  to  genus  and  species. 

Oiardia  intestinalis  cysts. 

The  cysts  of  Giardia  intestinalis  which  were  used  in  the  experiments 
to  determine  their  thermal-death  point  were  obtained  from  the  feces 
of  three  different  persons  infected  with  this  parasite.  The  cysts  were 
ovoid  in  shape  and  varied  in  length  from  10  to  15  microns  and  from 
6  to  9  microns  in  width.  Some  of  the  cysts  contained  2  and  others 
4  nuclei. 
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Only  1  series  of  readings  was  made  with  the  cysts  taken  from  the 
first  supply  of  cysts  of  February  7,  1920  (Table  9).  In  this  series 
the  control  showed  20  cysts  dead  out  of  the  first  50  C3^ts  counted  and 
the  thermal-death  point  was  at  60°  C.  The  next  supply  of  cysts  of 
February  19  was  a  healthier  lot,  for  the  control  showed  that  all  the 
cysts  were  unstained.  The  second  series  in  Table  5,  which  is  the  first 
series  made  from  this  supply  of  cysts,  gave  the  thermal-death  point 
at  64'  C.  This  was  4°  higher  than  that  of  the  first  series.  The  next 
four  series  (Table  9)  were  also  made  with  the  cysts  from  the  second 
supply.  The  last  two  series  of  readings  in  Table  9  were  made  with 
the  cysts  taken  from  the  third  supply  of  March  30,  1920,  Sixty  per 
cent,  of  these  cysts  were  dead  when  the  first  series  of  readings  was 
made  on  March  15.  But  the  resistance  of  the  remaining  viable  cysts 
had  not  been  altered,  for  the  thermal-death  point  of  this  series  was 
at  62°  C,  while  in  the  next  series  it  was  2°  lower. 

TABLE    10. 

An  average  seriea  of  readings  of  the  cystt  of  Giardia  intestinalig  to  show  the  in- 
crease  ft  mortality  laith  each  itureate  in  temperature. 
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50 

While  the  thermal-death  ijoint  varied  from  60°  to  64°  C,  and  al- 
though in  the  majority  of  the  series  it  was  at  6li°  C,  it  is  more  than 
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probable  that,  providing  the  cysts  are  all  viable  to  begin  with,  as  in 
the  second  series  of  February  19,  that  the  thermal-death  point  is  64**  C. 
This  thermal-death  point  is  the  same  as  that  of  lodamoeba  biitschln 
and  Endolimax  nana  (Tables  6  and  8),  but  lower  than  that  of  E,  his- 
tolytica  and  E,  coli. 

As  was  done  with  the  series  of  readings  of  the  other  species  of  cysts 
above,  an  average  series  of  readings  was  also  made  for  the  Giardia 
cysts  from  the  8  series  found  in  Table  9.  The  Giardia  cysts  were  not 
very  resistant  to  the  lower  temperatures,  for  at  52°  C.  84.4  per  cent 
of  the  cysts  were  dead.  Two  degrees  lower,  viz.,  at  50°  C,  they  were 
much  more  resistant,  since  only  46  per  cent,  of  the  cysts  stained  with 
the  eosin.  The  Giardia  cysts  were  the  least  resistant  to  the  high  tem- 
peratures of  all  the  different  species. 

Chilomastix  mesnUi  cysts. 

The  cysts  of  ChUomastix  mesnUi  are  the  smallest  of  all  the  cysts  of 
the  different  intestinal  protozoa  of  man.  They  are  lemon  shaped  and 
measure  from  4.5  to  6  microns  in  width  and  from  7.6  to  9  microns  in 
length.  In  an  unstained  wet-preparation  they  appear  refractive  and 
show  no  internal  structure,  save  the  presence  of  3  or  4  very  bright 
spots  and  a  dull  area  to  one  side  of  the  cysts,  which,  with  the  aid  of 
the  oil  immersion,  may  be  identified  as  the  nucleus.  The  cyst  wall  is 
uniform  in  thickness  except  at  the  somewhat  pointed  end  of  the  cyst, 
where  it  is  slightly  thickened. 

The  cysts  of  Chilamastix  which  were  used  in  the  tests  to  determine 
the  thermal-death  point  came  from  the  feces  of  a  patient  who  has 

TABLE    11. 

Series  of  readings  to  show  the  tJiermal-death  point  of  the  cysts  of  ChUomastix 

mesnili,  at  68''  to  7;?°  C. 


©5 

^             1          ; 

i 

'                           1 

1          \                  i                    Date 

No. 

Sen 

Date  of  Series. 

Cysts  Passed.         g 

r)0°   52°'  oA"]  56° 

5     4  1  9     8 

58°   60° 

12   13 

62°   64°   66° 

68°   70°   72°       Exanun*^ 

1         ■         i 

1 

Jan.    G,  1920 

Jan.    2, 1920     0 

15   29t  47 

,50        '        Jan.   6,1^ 

2 

Jan.  lo, 1920 

1  '              1 

11 

15,  28   44 

50        1       iJan.  16,l« 

3 

Jan.  28,  1920 

Jan. 27,  1920  i  0          1 

111  43'  48'  49   oOi               Jan.29,l» 

4 

Feb.    G,  1920 

1  0 

5'    8   26,  48   50        i        Feb.  6,lg 

5 

Feb.  10,  1920  '             ''                1  ,       ;       , 

2,     6   27   40   43   50       .Feb.  10,1^ 

6 

Feb.  17,  1920 

1  0 

6'     8    15          411  50         Feb.  18,1? 

7 

Feb. 19,  1920 

1  2 

i    6 

9    10;  39   47    50         Feb.  19,15 

8 

Mar.   1,  1920              ''               1                      '       '       '  17   22   24'  22   39'  47'  50  Mar.  2,1^ 

9    Mar.  8,  1920  \            ''              0         '       , 

15i  29,  361  40   40   49   50  Mar.  %  iw 

10  1  Apr.  14,  1920               "               2 

1 
1 

1 

36   38   48   49   50  Apr.  H,  lira 

1             1      ,     _.-- 
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carried  the  infection  for  more  than  two  years.  Only  2  batches  of 
cysts  were  employed  in  securing  the  10  series  of  readings  given  in 
Table  11. 

The  first  and  second  series  of  readings  of  January  6  and  15,  re- 
spectively, were  made  with  the  cysts  of  the  first  supply.  The  thermal- 
death  point  was  68°  C.  in  both  of  these  series.  A  remarkable  resist- 
ance was  shown  to  the  temperatures  from  50°  to  60°  C.  when  compared 
to  that  of  the  cysts  of  the  other  parasites. 

The  last  8  series  of  readings  in  Table  11  were  made  with  the  cysts 
from  the  second  supply  of  January  27,  1920.  The  3d  series  of  read- 
ings in  Table  11,  or  the  first  series  made  from  the  second  supply  of 
cysts,  showed  more  cysts  dead  from  exposure  to  the  temperatures  62® 
to  64°  C.  than  that  which  occurred  at  the  same  temperatures  in  any 
of  the  preceding  or  subsequent  series.  The  cause  of  this  increase  in 
the  death  rate  could  not  be  learned  or  explained.  The  thermal-death 
point  was  at  68°  C,  as  in  the  first  two  series  of  readings. 

The  next  three  series  of  readings  of  February  10,  17,  and  19  showed 
a  smaller  number  of  cysts  dead  at  60°,  62°,  64°  and  68°  C.  than  in 
the  earlier  series,  and  the  thermal-death  point  advanced  2  degrees  to 
70®  C.  Less  than  half  a  month  later,  on  March  1,  the  thermal-death 
point  advanced  a  second  time ;  in  this  and  the  next  2  series  of  readings 
it  was  at  72°  C. 

It. was  impossible  to  find  a  satisfactory  explanation  for  the  advances 
of  the  thermal-death  point  of  the  cysts  of  ChUomastix  mesnili.  It  is 
probable  that  the  true  thermal-death  point  is  between  70°  and  72°  C, 
and  that  some  factor  which  was  present  for  a  time  in  the  supply 
bottle  temporarily  affected  the  resistance  of  the  %ysts,  and  at  that 
time  lowered  the  thermal-death  point.  With  the  disappearance  of 
the  influence,  the  cysts  were  gradually  able  to  regain  their  normal 
resistance,  establishing  the  thermal-death  point  at  72°  C.  in  the  last 
3  series  of  readings. 

This  outside  factor  or  influence  was  probably  not  bacterial  and 
chemical  in  nature,  as  occurred  in  the  preliminary  experiments  with 
the  cysts  of  E,  histolytica  and  lodamoeba  butschlii  which  resulted  in 
a  decrease  in  the  thermal-death  point,  as  related  above,  for  there  were 
no  indications  of  profuse  bacterial  growth  in  the  supply  bottle,  nor 
was  there  any  odor  or  pellicle  present.  The  supernatant  water  was 
very  clear. 

The  control  column  of  readings  in  Table  11  presented  striking 
results,  for  not  more  than  2  stained  cysts  were  ever  encountered. 
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This  condition  would  lead  one  to  believe  that  moat  of  the  tyOB  re- 
mained viable,  and  that  the  rate  of  mortality  was  praetieafl^  nfl. 
The  cysts,  however,  were  becoming  scarcer,  as  was  noticed  tnm  tiie 
length  of  time  it  required  to  find  the  50  cjrsts  in  each  preparation  in 
each  succeeding  series.  They  were  very  few  itt  nnsiiber  when  tito  last 
series  was  made  on  April  14.  This  &et  pfemd  that  the  i^pits  irere 
gradually  dying  in  the  supply  bottle,  from  -vAkk  the  cysta  wem  taken 
for  the  control  readings.  It  was  also  apparent  that  the  dead  eysU 
were  disappearing  through  disintegration  in  order  to  account  lor  tiie 
small  number  of  stained  cysts  encountered. during  the  examination  of 
the  controls.  Only  a  few  cysts  #ere  observed  which  showed  inter- 
mediate stages  of  plasmolysis  in  the  control  ezaminationa  and  like- 
wise a  few  empty  cysts.  The  empty  cysts,  however,  were  so  difEienlt 
of  detection  that  undoubtedly  they  were  often  missed  in  the  ezaminar 
tions.  In  view  of  thi^  fact,  the  control  readings  can  not  be  stridly 
correct.  The  death  rate  of  the  cysts  in  the  supply  bottle  must  have 
been  very  slow,  since  the  temperature  in  the  supply  bottle  was  mnd 
lower  than  the  temperatures  of  50^  to  62**  C.  in  the  ezperimaitB  to 
determine  the  thermal-death  point,  and  at  which  the  cysts  were  so 
remarkably  resistant. 

TABLE   12. 

An  average  aeries  of  readings  of  the  cysts  of  CfUtomastvB  mesnXU  to  sSum  iks  l»- 
inerease  in  mortality  with  each  increase  in  temperatisre. 


50^    52**  I  54 


Cysts  of  Chilomas' 
tix  mesnUi 


56**  !  58* 


! 


8    i   12 


GO*    62**    64**    66**    68** 


9.5 


17.2  27.9 


40.7 


45.8 


70**  1  TT 


49.1 


50 


Table  12  gives  an  average  series  of  readings  which  was  e6mputed 
from  the  10  series  given  in  Table  11.  The  series  shows  very  clearly 
the  evidence  for  the  strong  resistance  of  the  Chilomastix  cysts  to  the 
temperatures  of  50°  to  62°  C,  for  at  the  latter  temperature  only 
34.4  per  cent,  of  the  cysts  were  dead. 

The  number  of  dead  cysts  given  at  60°  C.  is  low,  for  5  of  the  9 
readings  given  at  this  temperature  in  Table  9  showed  11  of  17  cysts 
were  dead.  The  average  reading  at  this  temperature  was  lowered  ty 
the  small  number  of  dead  cysts  recorded  in  the  readings  of  the  4th, 
5th,  6th  and  7th  series.     The  thermal-death  point  in  Table  10  is  72**  C 
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Summary. 

In  the  above  experiments,  with  the  aid  of  the  eosin-criterion  of 
viability,  the  thermal-death  point  of  the  different  cysts  of  the  parasitic 
intestinal  protozoa  of  man  was  determined  as  follows:  Enidmoeba 
histolytica,  68°  C. ;  Entamoeba  coli,  76°  C. ;  lodamoeba  butscfUU, 
64**  C. ;  Endolimax  nana,  64°  C. ;  Oiardia  intestinalis,  64°  C,  and 
Chilomastix  mesnUi,  72°  C.  In  quoting  the  above  temperatures  as 
the  thermal-death  points,  it  will  be  remembered  that  they  are  subject 
to  a  slight  downward  deviation  of  generally  2°  C,  since  all  the  experi- 
ments upon  each  species  of  cysts  did  not  end  in  a  common  thermal- 
death  point.  The  remarkable  resistance  of  all  the  protozoan  cysts  to 
the  high  temperature  is  quite  analogous  to  that  of  the  spores  of  bac- 
teria ;  in  both  cases  the  thermal-death  point  is  much  higher  than  that 
of  their  respective  vegetative  and  non-spore  bearing  stage. 

BIBLIOGRAPHY 
Bbuo,  8.  L. 

1919.  Endolimax  wUliamsi.    The  amoeboid  form  of  the  iodine-cysts.    Ind. 

Jour.  Med.  Res.,  VI,  386. 
Cutler,  D.  W, 

1920.  A  method  for  estimating  the  number  of  active  protozoa  in  the  soil. 

Jour.  Agric.  Sci.,  X,  135.     England. 

DOBELL,  0. 

1919.  The  Amoebae  Living  in  Man.     London. 

1920.  The  laboratory  diagnosis  of  acute  intestinal  infections,  including  the 

principles  and  practice  of  the   agglutination  test.     Medical  Re- 
search Council,  London.    Special  Report  Series,  No.  51. 
Fantham,  H.  B.,  and  Porter,  A. 

1916.  Pathogenicity  of  Giardia  (Lamhlia)   intestinalis  to  man  and  experi- 

mental animals.    Brit.  Med.  Jour.,  2,  139. 

KUBNEN,  W.   A.,  AND  SWELLENOREBEL,  N.   H. 

1913.  Die  Entamoeben  des  Menschen  und  ihre  praktische  Bedeutung.    Cen- 
tralbl.  f.  Bakt.,  I  Abt.  (Orig.)  LXXI,  378. 
Pbowazek,  S.  v. 

1912.  Weiterer  Beitrag  zur  Keiintnis  der  Entamoeben.    Arch.  f.  Protistenk., 
XXII,  345. 
Root,  F.  M. 

1921.  Experiments  on  the  carriage  of  intestinal  protozoa  of  man  by  flies. 

Amer.  Jour.  Hyg.,  I,  131. 
Wenyon,  C.  M.,  and  O  'Connor,  F.  W. 

1917.  Human  intestinal  protozoa  in  the  Near  East,  London. 

YOSHIDA,  K. 

1920.  Reproduction  in  vitro  of  Entamoeba  tetragena  and  Entamoeba  coli 
from  their  cysts.    Jour.  Exper.  Med.,  XXXII,  357. 


liil 


' 


« 
It 

t 


It 

ni 


If 


\ 


WASKIA     INTESTINALIS:     ITS     CULTIVA- 
TION   AND    CYST     FORMATION* 


MARY    JANE    HOGUE,     Ph.D. 

BALTIMORE 


The  small  flagellate  Waskia  infest iualis  was  first 
described  by  Wenyon  and  O'Connor  ^  in  1917.  They 
found  it  in  the  stools  of  two  patients  in  an  army 
hospital  in  Alexandria,  Eg>'pt.  They  believed  that 
the  second  patient  became  infected  from  the  first 
patient,  as  the  beds  of  the  two  patients  were  close 
together  in  the  same  ward.  Both  patients  were 
admitted  as  carriers  of  Endameba  histolytica.  Waskia 
appeared  in  the  first  case  a  week  after  admission  to 
the  hospital,  and  withstood  the  injection  of  12  grains 
of  em£tin.  As  the  Waskia  infection  was  disappearing, 
the  patient  developed  a  chilomastix  infection.  The 
second  patient  was  being  treated  for  Endameba  histo- 
lytica, which  was  fast  disappearing,  when  Waskia  sud- 
denly appeared  in  the  stools  three  weeks  after  the 
patient  had  been  admitted  to  the  hospital.  Both 
patients  showed  tendencies  toward  constipation  and 
were  treated  with  repeated  doses  of  salts.  Wenyon 
and  O'Connor  conclude  that  there  is  no  evidence  that 
the  flagellate  is  pathogenic. 

Kofoid,  Kornhauser,  and  Plate  ^  in  1919  reported 
Waskia  intestinalis  as  occurring  in  seven  patients  in 
Debarkation  Hospital  No.  3  in  New  York  City.  Here 
it  appeared  in  liquid  diarrheic  stools  of  patients  under 
treatment.  Three  of  the  infections  were  from  over- 
seas men,  and  four  from  men  in  home  service.  Five 
of  these  cases  were  from  the  Southern  states  and 
two  from  New  England.  All  were  accompanied  by 
multiple  infections  of  from  three  to  six  other  parasitic 
species. 

Castellani  and  Chalmers  ^  classify  Waskia  intestinalis 
under  the  order  Cercomonadidae,  family  Tetramitidae, 
subfamily  Embadomonadinae,  genus  Embadomonas. 

Since  these  papers,   Waskia  has  not  been   further 

*  From  the  Department  of  Medical  Zoology,  School  of  Hygiene  and 
Public  Health,  Johns  Hopkins  University. 
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reported.  Public  health  officers  have  been  much  con- 
cerned with  the  possible  spread  of  diseases  brought 
over  by  returned  soldiers.  The  following  case  of 
Waskia  intesthtalis  infestation  indicates  that  new  pro- 
tozoan diseases  may  be  spreading  here  among  the 
civilian  population. 

April  7,  Dr.  Milton  Linthicum  sent  to  this  labora- 
tory the  stool  of  a  patient  who  had  a  history  of 
many  years  of  diarrhea.  She  was  known  to  have  a 
trichomonas  infection.  She  had  never  been  out  of 
the  United  States  and  had  spent  most  of  her  time 
in  Pennsylvania  and  Maryland. 

From  this  specimen  I  inoculated  several  tubes  of 
different  kinds  of  mediums  by  means  of  a  sterile  plati- 
num loop.  The  tubes  were  incubated  at  35  C.  In 
a  few  days,  Waskia  intestinalis  and  its  cysts  appeared 
in  large  numbers.  In  one  tube  I  had  a  pure  culture 
of  Waskia,  i.  e.,  no  other  protozoa  were  growing  with 
it,  though  there  were  numerous  bacteria  present  frcMn 
the  intestine.  This  culture  has  been  kept  under  con- 
tinuous observation  for  over  eight  weeks.  Transplants 
into  new  culture  tubes  are  made  every  other  day.  The 
flagellates  are  still  (June  6)  in  a  normal,  active 
condition. 

This  species  seems  to  correspond  with  Waskia 
intestinalis  as  described  by  Wenyon  and  O'Connor.  It 
is  a  small,  active  flagellate  ( Fig.  1),  measuring  in 
stained  preparations  from  5.6  to  7.2  microns  in  length 
and  from  4  to  4.8  microns  in  width.  There  is  a 
rather  large  cytostome  and  two  anterior  flagella.  The 
one  coming  from  the  anterior  end  of  the  animal  is 
long  and  slender,  and  is  used  for  locomotion.  The 
second  flagelluni  conies  from  the  cytostome  and  is 
shorter  and  much  thicker.  It  seems  to  be  used  in 
getting  food.  The  cytoplasm  is  mostly  much 
vacuolated  and  contains  many  bacteria  in  food  vacuoles. 

In  stained  preparations  the  nucleus  is  seen  in  the 
extreme  anterior  region.  It  has  a  distinct  membrane, 
with  usually  a  small  central  karyosome.  There  are 
two  blepharoplasts  from  which  arise  two  flagella. 

The  cysts  are  pear  shaped  (Fig.  2),  measuring  from 
4.8  to  7.2  microns  in  length  and  from  4  to  4.8  microns 
in  width.  They  appear  as  small,  light  yellow,  refrac- 
tive bodies  in  the  culture  medium.  Wenyon  and 
O'Connor  assumed  that  these  cysts  belong  to  Waskia 


because  they  found  them  only  in  the  feces  where 
Waskia  was  present.  The  appearance  of  these  cysts 
in  cultures  where  IVaskia  is  the  only  organism  grow- 
ing, except  the  bacteria,  is  proof  of  their  identity.  As 
additional  proof,  some  days  there  would  be  lai^e  num-^ 
bers  of  IVaskia  in  the  cultures  and  on  the  following 
day  the  number  would  be  greatly  reduced  and  the 
number  of  cysts  greatly  increased.  This  seems  to 
be  the  first  time  that  cysts  have  been  obtained  from 
intestinal  flagellates  in  culture,  and  proves  beyond 
doubt  that  these  cysts  do  belong  to  the  flagellate 
Waskia  intestinalis. 


CULTURE     MEDIUMS 

IVaskia  intestinalis  has  been  cultivated  on  three 
different  liquid  mediums :  ovomucoid,  Locke-egg,  and 
an  ox  bile  sah  medium,  and  also  on  Boeck's  medium 
of  Locke  with  a  few  drops  of  sheep  or  human  serum. 

Ovomucoid  medium  is  thus  made:  The  whhe  of 
one  hen's  egg  is  thoroughly  shaken  up  with  glass 
beads.  To  this  100  c.c.  of  0.7  per  cent,  scxlium  chlorid 
solution  is  added.  This  is  cooked  for  half  an  hour 
over  a  hot  water  bath ;  all  the  time  the  medium  in 
the  flask  must  be  kept  in  constant  motion  by  shaking. 
It  is  then  filtered  through  cotton  with  a  suction  pump 
and  about  6  c.c.  of  the  filtrate  put  into  small  test 
tubes.  To  these  sometimes  are  added  a  loop  full  of 
the  yolk  of  the  egg.  The  tubes  are  then  autoclaved 
for  twenty  minutes  under  15  pounds  of  pressure. 

Locke-egg  medium  is  made  with  one  hen's  egg 
thoroughly  shaken  up  with  glass  beads.    To  this  200 


c.c.  of  Locke  solution  is  added.  The  Locke  is  made 
of  sodium  chlorid,  0.9  gm. ;  calcium  chlorid,  0.024  gm. ; 
potassium  chlorid,  0.042  gm. ;  sodium  bicarbonate, 
0.02  gm.,  and  sometimes  0.25  gm.  of  dextrose  was 
added.  This  later  did  not  seem  to  affect  the  growth  of 
the  organisms.  The  Locke  and  egg  are  cooked  for 
fifteen  minutes  over  a  hot  water  bath  and  then  filtered, 
tubed  and  autoclaved  as  the  ovomucoid  medium. 

The  ox  bile  salt  medium  contained  1  gm.  of  ox  bile 
salts ;  0.4  gm.  of  peptone,  and  100  c.c.  of  0.7  per  cent, 
sodium  chlorid  solution.  This  was  warmed  to  facili- 
tate the  solution  of  the  salts  and  peptone.  It  was 
then  tubed  and  autoclaved  as  the  other  mediums. 
Before  using  this  medium,  three  or  four  drops  of 
sheep  or  human  serum  *  were  usually  added.  On  this 
medium  Waskia  divided  most  rapidly,  but  it  did  not 
live  as  long  as  on  the  other  two  mediums.  On  this 
ox  bile  salt  medium  there  would  be  large  numbers 
of  flagellates .  on  the  second  day,  and  these  would 
usually  disappear  on  the  third  day.  A  few  cysts  would 
be  found,  but  there  were  not  as  many  of  these  as 
there  were  organisms  on  the  previous  day,  showing  that 
many  of  the  animals  had  disintegrated  instead  of 
encysting. 

On  the  Locke-egg  ovomucoid,  Waskia  lived  much 
longer.  One  culture  lived  for  seventeen  days  on 
ovomucoid.  On  the  Locke-egg  medium  they  lived 
from  three  to  ten  days.  To  both  these  mediums  I 
sometimes  added  three  or  four  drops  of  sheep  serum 
or  human  serum.  This  often  seemed  to  increase  the 
rate  of  division  and  also  to  shorten  the  life  of  the 
culture,  owing  no  doubt  to  the  increased  accumula- 
tion of  waste  products.  In  both  the  ovomucoid  and 
in  the  Locke  egg  cysts  were  found.  These  would 
begin  appearing  about  the  fourth  day  after  inocula- 
tion. Only  a  few  cysts  were  found  in  the  ox  bile 
medium,  as  already  stated.  The  Locke-egg  is  especially 
to  be  recommended,  as  the  protozoa  multiply  rapidly 
and  seem  normal  on  it  without  the  addition  of  serum, 
which  is  often  difficult  to  obtain. 

4.  Mrs.  Hogan  of  the  Public  Heahh  Laboratories  kindly  gave  me  the 
serum   from  the   Wassermami  tests. 
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There  are  many  different  species  of  Trichomonas,  three  of 
which  have  been  described  as  parasitic  in  man.  These  are 
Trichomonas  buccalis,  Goodey  and  Wellings;  Trichomonas  homi- 
nis,  Davaine;  and  Trichomonas  vaginalis,  Donn6.  It  is  even 
possible  that  these  three  species  are  the  same  but  this  has  not 
yet  been  proved. 

In  1915  Lynch  cultured  Trichomonas  hominis  from  the  intes- 
tine in  neutral  and  acid  bouillon  and  kept  it  alive  for  three  days 
at  30°C.  By  transferring  to  new  media  he  was  able  to  carry 
the  culture  through  five  or  six  generations. 

Ohira  and  Noguchi  (1917)  report  the  cultivation  of  the  Tricho- 
monas from  the  human  mouth  calling  it  Teiratrickomonas  homi- 
nts.  According  to  Kofoid's  (1920)  recent  review  of  the  nomen- 
clature of  the  flagellates,  Ohira  and  Noguchi  were  workingwith 
Trichomonas  buccalis.  They  cultured  it  on  a  mixture  of  ascitic 
fluid  and  Ringer's  solution,  using  equal  portions  and  found 
that  it  gave  much  better  results  than  Lynch's  bouillon  medium. 
They  carried  their  strains  for  over  twenty  generations. 

Boyd  (1918)  reports  the  cultivation  of  Trichomonas  hominis 
on  a  non  sterile  medium  which  was  a  mixture  of  faecal  material 
and  physiological  saline. 

Pringault  (1920)  used  Ohira  and  Noguchi's  medium  for  the 
cultivation  of  Trichomonas  intestinalis,  i.  e.,  hominis,  very 
successfully. 

Recently  (1921)  Reuling  has  cultured  Tnchomonas  vaginalis. 

He  tried  many  media  but  says  the  flagellates  never  lived  longer 

than  twenty-four  hours  on  any  of  the  media  except  that  described 
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by  Ohira  and  Noguchi.  (One-half  Ringer's  solution  and  one- 
half  ascitic  fluid).  On  this  medium  Trichomonas  vaginalis 
divided,  reaching  its  greatest  period  of  reproduction  on  the 
fourth  or  fifth  day.  On  the  following  day  all  the  organsims  had 
completely  disappeared.     He  kept  them  at  37®C. 

On  April  7  a  stool  containing  Trichomonas  hominis  was  sent 
to  this  laboratory.  Several  test  tubes  of  different  kinds  of 
media  were  inoculated  with  the  material  by  means  of  a  sterile 
platiniun  loop  and  incubated  at  35^C.  On  May  4  a  sin^e 
individual  was  isolated  from  the  general  culture  and  used  to 
start  a  ''pure  line"  of  Trichomonas.  A  very  simple  method  was 
used  to  isolate  the  pure  line.  Small  drops  of  the  medium  in 
which  the  Trichmonas  were  not  very  plentiful,  i.e.,  young  or, 
old  cultures,  were  placed  on  cover  slips  which  were  then  inverted 
over  depression  slides  and  examined.  Trichomonas  is  plainly 
visible  under  the  high  dry  objective.  When  the  drop  was  found 
to  contain  only  one  Trichomonas  the  corners  of  the  cover  slip 
were  cut  off  with  scissors  and  the  remaining  small  piece  of  glass 
with  its  single  Trichomonas  was  dropped  into  a  test  tube  con- 
taining Locke-egg  medium.  This  was  then  incubated  at  35°C. 
and  in  a  few  days  the  medium  was  swarming  with  Trichomonas. 
The  pure  line  as  well  as  the  general  stock  culture  are  now  (June  7) 
both  in  a  normal  condition  after  more  than  eight  weeks  of  cultiva- 
tion on  sterile  media.  Transfers  to  new  media  have  been  made 
every  second,  sometimes  every  fourth  day,  depending  on  the 
general  condition  of  the  cultures.  All  cultures  are  kept  in  a 
constant  temperature  chamber  at  35°C. 

Many  individuals  in  the  pure  line  of  Trichomonas  have  been 
carefully  studied.  They  have  four  anterior  flagella  and  an 
undulating  membrane  with  a  lateral  marginal  flagellmn  which 
leaves  the  membrane  toward  the  posterior  part  of  the  animal. 
These  cultured  flagellates  measure  from  7  to  10m  in  length  and 
from  5  to  8^  in  width.  They  are  very  active  in  the  liquid  media, 
moving  by  means  of  their  flagella.  The  formation  of  pseudopo- 
dia  was  not  observed. 
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MEDIA 

A  medium  which  is  the  combination  of  a  hen's  egg  and  Locke 
solution  proved  most  successful  for  the  cultivation  of  Trichomo- 
nas hominis.  A  hen's  egg  is  thoroughly  shaken  up  in  a  flask 
with  glass  beads.  To  this  is  added  200  cc.  of  Locke  solution 
which  is  made  in  the  following  way. 

fframa 

Sodium  chloride 0.9 

Calcium  chloride 0.024 

Potassium  chloride 0.042 

Sodium  carbonate 0. 02 

Dextrose 0.25 

Distilled  water 100  cc. 

This  was  heated  over  a  hot  water  bath  and  kept  in  constant 
motion  for  fifteen  minutes.  It  was  then  filtered  through  cotton 
with  a  suction  piunp  and  about  6  cc.  of  the  filtrate  put  into  test 
tubes  These  were  autoclaved  for  twenty  minutes  under  fifteen 
pounds  of  pressure. 

An  ovomucoid  medium  was  made  from  the  whites  of  two  eggs, 
which  were  thoroughly  shaken  up  with  glass  beads.  To  this 
was  added  200  cc.  of  0.7  per  cent  sodium  chloride  solution.  This 
was  cooked  for  half  an  hour  over  a  hot  water  bath  and  kept  all 
the  time  in  constant  motion.  It  was  then  filtered,  tubed  and 
autoclaved  just  as  the  Locke-egg  medium. 

On  the  Locke-egg  medium  Trichomonas  appeared  in  greatest 
numbers  on  the  second  day  after  inoculation.  Then  as  many 
as  23  organisms  could  be  counted  in  the  field  of  a  number 
16  objective,  10  ocular.  These  were  of  all  sizes,  large  ones 
preparing  to  divide  and  smaller  ones  which  had  already  divided. 
This  difference  in  size  even  in  the  pure  Une  cultures  was  very 
noticeable  when  the  Trichomonas  appeared  in  great  niunbers 
at  the  height  of  their  reproductive  period.  On  this  medium  they 
rarely  lived  longer  than  six  days. 

On  the  ovomucoid  medimn  they  usually  reached  their  greatest 
period  of  productivity  on  the  third  day.  The  cultures  lived  from 
six  to  ten  days,  a  few  lived  1 1  days.  When  a  few  drops  of  sheep 
serum  or,  better  still,  human  sermn  were  added  the  organism 
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appeared  in  even  greater  numbers.  At  times  from  40  to  45 
Trichomonas  could  be  counted  in  one  field.  These  rich  cultures 
also  died  more  quickly,  no  doubt  due  to  the  accimiulation  of 
waste  products. 

Trichomonas  did  not  encyst  in  any  of  the  cultures.  Nothing 
resembling  a  real  cyst  was  ever  found.  They  would  become  less 
active  in  the  older  cultures.  Then  they  would  round  up  and 
usually  form  a  large  vacuole.  Soon  they  would  go  to  pieces. 
Pringault  describes  the  same  process  as  taking  place  in  his  cul- 
tures. Perhaps  these  rounded  organisms  are  the  same  as  Lynch 
describes  as  cysts  but  I  cannot  consider  them  as  such.  They 
are  of  very  short  duration.  One  rarely  finds  them  the  day  after 
the  active  Trichomonas  have  disappeared. 

These  media  have  proved  so  successful  for  the  cultivation  of 
intestinal  protozoa  that  it  seemed  wise  to  share  them  with  other 
investigators.  The  fact  that  neither  ascitic  fluid  nor  serum  is 
necessary  makes  the  media  available  for  all  investigators  and 
teachers  even  though  they  are  not  connected  with  hospitals  or 
public  health  laboratories. 
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THREE  FIGURES 

INTRODUCTION 

While  working  with  tissue  cells  gpown  in  culture  medium  I 
was  much  impressed  with  the  similarity  of  their  appearance  to 
that  of  amoebae  grown  on  agar-agar  plates,  and  determined  to 
make  a  comparative  study  of  these  two  kinds  of  cells.  The 
particular  cells  used  for  this  study  were  the  fibroblasts  and  the 
white  blood  cells  from  the  embryonic  chick  and  an  amoeba, 
Vahlkampfia  patuxent  (Hogue,  '21),  which  is  a  salt-water  form, 
parasitic  in  the  digestive  tract  of  the  oyster. 

The  tissue  cells  were  grown  at  39°  in  hanging  drops  of  Locke- 
Lewis  solution  (Lewis  and  Lewis,  '15)  inverted  over  hard  vaselin 
rings  on  depression  slides.^  The  amoebae  were  taken  from  agar- 
agar  plates  made  up  with  0.7  per  cent  sodium  chloride  solution, 
with  0.4  per  cent  peptone,  and  kept  at  room  temperature. 

The  comparison  of  these  two  kinds  of  cells  was  made  by  study- 
ing permanently  stained  preparations,  by  introducing  the  amoebae 
into  the  cultures  where  the  tissue  cells  were  growing  and  here 
studying  their  different  reactions  to  various  vital  stains  and 
pigment  granules  and  by  further  testing  out  the  effect  of  these 
stains  and  pigment  granules  on  the  different  kinds  of  cells  in  their 
own  culture  media. 

^  Mrs.  Lewis  kindly  furnished  me  with  tissue  cultures  of  connective  tissue  and 
spleen. 
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MORPHOLOGY  AND  MOVEMENT 

At  first  the  most  noticeable  difference  between  these  cells  is 
their  diversity  in  size.  The  amoebae  averaged  21  fi  ia  length 
and  were  much  smaller  than  the  fibroblasts  which  measured 
50  M  in  length.  The  exact  size  of  the  fibroblasts  is  hard  to  deter- 
mine, as  their  processes  are  so  thin  and  fine  that  their  farthest 
limits  are  difficult  to  determine.  The  amoebae  always  have  a 
definite  outline,  though  they  are  continually  changing  shape. 
Still  another  difference  is  that  the  amoebae  can  be  observed  to 
move  rapidly,  while  the  movement  of  the  fibroblasts  is  too  slow 
to  be  noticeable,  though  they  do  move  as  can  be  seen  by  watching 
the  growth  of  the  culture  from  day  to  day.  The  amoeba  moves 
by  lunging  in  one  direction  and  then  in  another.  The  cytoplasm 
is  thicker  and  denser  than  in  the  fibroblasts  where  the  processes 
are  very  thin  and  flat  against  the  cover-slip. 

In  order  to  study  the  two  kinds  of  cells  together,  the  amoebae 
and  the  bacteria  growing  with  them  were  introduced  by  means 
of  a  platinum  loop  on  the  cover-slip  where  the  tissue  cells  had  been 
growing  for  from  twenty-four  to  forty-eight  hours.  The  amoebae 
began  at  once  to  crawl  actively  around  and  over  the  fibroblasts 
without  apparently  disturbing  them. 

The  tissue  cells  had  to  be  kept  at  39°C.  The  amoebae  ordi- 
narily live  at  room  temperature,  though,  as  I  have  already  shown 
(Hogue,  '21),  they  can  be  kept  at  35°C.  for  twenty-four  hours, 
after  which  they  showed  a  decided  tendency  to  encyst  some  time 
during  the  following  week,  the  encystment  not  following  immedi- 
ately on  their  removal  from  the  high  temperature.  When  the 
amoebae  were  brought  into  the  warm  box,  where  the  cultures 
were  examined  microscopically,  their  rate  of  motion  was  greatly 
increased.  They  were  now  moving  rapidly,  and  continued  to  do 
so  as  long  as  they  were  kept  at  this  high  temperature. 

REACTION  TO  BACTERIA 

The  presence  of  the  bacteria,  which  were  chiefly  non-patho- 
genic bacilli  serving  as  food  for  the  amoebae,  wa^  verj'  harmful 
to  the  tissue  cells.  They  evidently  could  not  stand  the  toxic 
effect  of  the  bacterial  waste  products.     In  a  few  instances  some 
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of  the  fibroblasts  lived  twenty-four  hours  after  the  introduction 
of  the  amoebae  and  the  bacteria  into  the  tissue  culture,  though 
most  of  the  fibroblasts  pulled  in  their  processes  and  contracted 
into  small  oblong  masses  within  a  few  hours  after  the  introduction 
of  the  amoebae  and  bacteria.  Later  they  went  to  pieces,  while 
the  amoebae  moved  about  quite  normally  in  this  new  medium 
(Locke-Lewis) ,  and  lived  for  over  two  weeks,  when  the  experiment 
was  discontinued. 

REACTIONS  TO  STAINS 

Neutral  red 

In  trying  out  the  effect  of  vital  stains  on  the  cells  it  was  found 
that  a  very  weak  solution  of  neutral  red  was  sufficient  to  give  an 
excellent  stain.  When  neutral  red  1  to  10,000,  the  proportion 
used  for  tissue-culture  cells,  was  used  with  the  amoebae,  they 
would  immediately  round  up,  stain  red,  and  die.  This  solution 
was  sometimes  allowed  to  dry  on  a  cover-slip,  which  was  then 
put  down  on  the  drop  of  Locke  or  normal  salt  solution  containing 
the  amoebae.  The  neutral  red  would  gradually  diffuse  into  the 
medium  and  stain  the  neutral-red  granules  and  vacuoles  of  the 
amoebae  without  immediately  kilUng  them.  Experiments  with 
neutral  red  of  different  strengths  were  made;  1  to  40,000,  1  to 
60,000,  and  1  to  80,000  in  Locke  solution  were  all  good  and  not 
sufficiently  strong  to  kill  the  animals.  Amoebae  were  kept  in 
hanging  drops  of  Locke  solution  with  neutral  red  1  to  40,000  for 
nine  days;  at  the  end  of  this  time  they  were  moving  slowly  and 
had  a  few  neutral-red  granules.  In  another  set  of  experiments 
the  amoebae  were  kept  in  Locke  solution  with  neutral  red  1  to 
80,000  for  twenty-four  hours.  At  the  end  of  this  time  most  of 
them  had  lost  the  stain,  so  Locke  with  neutral  red  1  to  60,000  was 
added,  and  they  continued  active  with  stained  neutral-red  gran- 
ules for  seven  more  days,  when  the  experiment  was  discontinued. 
This  is  especially  interesting,  as  in  tissue  cultures  the  disappear- 
ance of  the  color  from  the  neutral-red  granules  was  always  taken 
as  an  indication  that  the  cells  were  dead.  With  the  amoeba 
after  the  color  has  disappeared  the  granules  can  be  restained  with 
neutral  red  and  the  amoeba  is  still  normally  active. 
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The  disappearance  of  the  neutral  red  from  the  amoeba  seems 
to  be  due  to  oxidation.  One  small  amoeba  was  watched  for  five 
hoiuB.  At  9 :  00  in  the  morning  it  contained  fifteen  neutral-red 
granules.  The  color  gradually  faded  from  these  granules  imtil 
by  11:30  only  one  granule  had  the  neutral-red  color  and  by  12:00 
this  color  had  disappeared.  The  granules  themselves  did  not 
dissolve,  but  could  be  still  seen  in  the  amoebae.  Unfortunately, 
janus  black  no.  2  had  been  also  used,  and  this  eventually  kills 
the  cells.     However,  at  4:30,  this  particular  amoeba  was  still 


Fig.  1  Amoeba  showing  neutral-red  granules  of  different  sizes  and  neutwi- 
red  vacuoles  containing  one  or  two  neutral-red  granules.  12.5  ocular,  1.9  oil 
Immersion. 


very  active  with  numerous  stained  mitochondria,  but  the  next 
morning  it  was  dead. 

The  neutral-red  granules  and  vacuoles  were  of  varying  size 
and  number.  Some  amoebae  had  many  small  granules  and  many 
large  vacuoles,  which  contained  from  one  to  two  granules  (fig.  !)■ 
In  the  fibroblasts  one  frequently  finds  neutral-red  channels,  but 
they  have  never  been  observed  in  the  amoebae. 

Brilliant  crcsyl  blue  2  b 

The  amoebae  were  much  more  sensitive  to  this  stain  than  were 
the  tissue-culture  cells.    One  drop  of  a  weak  solution  was  added 
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to  the  tissue  culture.  The  fibroblasts  responded  at  once  in  the 
usual  way  (W.  H.  Lewis,  '19)  to  this  stain.  Many  of  the  vacuoles 
stained  pink  with  one  or  more  purple  granules.  The  vacuoles 
were  grouped  around  the  nucleus  and  centriole,  just  like  the 
neutral-red  granules.  This  same  solution  applied  to  the  amoebae 
stained  the  cytoplasm  a  pale  blue,  the  granules  a  purple  blue, 
and  the  karyosome  of  the  nucleus  a  purple  blue  with  a  clear 
area  in  the  center.  The  nucleus  with  its  karyosome  and  clear 
area  were  pulled  away  from  the  endoplasm  out  into  the  ecto- 
plasm. The  amoeba  moved  slowly  and  sent  out  many  large 
clear  pseudopodia,  a  kind  of  lunging  movement  similar  to  blebs 
in  tissue  cells.  Within  half  an  hour  the  granular  endoplasm  had 
contracted  into  a  solid  blue  mass  of  irregular  shape,  the  nucleus 
remaining  in  the  ectoplasm.  Motion  had  stopped  and  the 
amoeba  was  dead. 

This  solution  of  brilliant  cresyl  blue  was  diluted  one-half  with 
Locke  solution  and  applied  to  the  amoebae.  This  time  about 
half  of  the  endoplasmic  granules  took  the  deep  blue  stain,  the 
other  half  remained  unstained  and  were  quite  refractile.  The 
karyosome  stained  purple  as  before,  but  with  a  bluish  purple 
area  around  it  and  the  cytoplasm  was  a  pale  blue.  The  amoebae 
moved  actively,  but  in  a  short  time  the  granules  lost  their  color 
and  the  nucleus  and  cytoplasm  stained  more  deeply  and  the 
amoebae  were  dead. 

When  the  solution  was  again  diluted  one-half  and  added  to  a 
new  hanging  drop  of  amoebae,  the  effect  was  the  same  as  that  on 
the  tissue  cells  with  a  solution  four  times  its  strength.  The 
nucleus  was  not  stained.  The  endoplasm  contained  purple 
granules  as  well  as  the  pink  vacuoles  with  their  purple  granules. 
The  amoebae  moved  rapidly  and  progressed  normally. 

Methylene  blue 

The  solution  of  methylene  blue,  when  added  to  the  tissue  cells, 
did  not  stain  the  nucleus  nor  cytoplasm.  The  vacuoles  stained 
blue  and  the  one  or  more  granules  within  them  took  a  deep  blue 
stain.  Blebs  were  forming  on  many  of  the  cells.  The  same 
solution  added  to  the  amoebae  stained  the  karyosome  a  deep 
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blue,  the  granules  a  deep  blue,  and  the  cytoplasm  blue.  The 
nuclear  area  around  the  karyosome  remained  clear  and  the 
amoebae  moved  freely.  Later  they  rounded  up  into  blue  balls 
surrounded  by  a  lighter  blue  ectoplasmic  area.  In  this  area  the 
nucleus  was  usually  found  away  from  the  endoplasm.  The 
amoebae  were  dead. 

When  the  solution  of  methylene  blue  was  diluted  one-half,  the 
effect  on  the  amoebae  was  the  same,  though  the  animals  did  not 
die  so  quickly.  When  it  was  diluted  one-fourth  of  the  original 
strength,  it  stained  the  amoebae  the  same  as  the  original  solution 
had  stained  the  tissue-culture  cells.  The  cytoplasm  was  clear, 
the  nucleus  unstained  and  invisible  except  as  a  clear  area  in  the 
endoplasm  free  from  granules.  Many  of  the  granules  were 
colored  blue,  though  not  all  took  the  stain.  To  this  stain  also 
the  amoeba  cell  is  four  times  as  sensitive  as  the  tissue-culture  cell. 

MITOCHONDRIA 

The  amoebae  were  treated  with  janus  black  no.  2.  A  very 
weak  solution  was  used,  as  otherwise  the  amoebae  would  contract 
and  die  without  showing  the  mitochondria  at  all  plainly,  though 
the  nucleus  stained  well. 

When  the  amoebae  stained  slowly  the  mitochondria  appeared 
as  small  short  rods,  like  bacilli,  in  among  the  neutral-red  granules 
(fig.  2).  Some  of  the  mitochondria  were  roimd,  and  frequently 
after  they  had  been  stained  for  some  time  groups  of  three  or  four 
small  mitochondria  would  be  found  in  among  the  larger  ones 
(fig.  3).  No  long  branching  mitochondria  were  found  in  the 
amoebae,  though  they  are  very  common  in  the  fibroblasts.  The 
mitochondria  retained  the  stain  and  were  visible  as  long  as  the 
amoebae  were  alive.  This  stain  seemed  to  have  a  stupefj'ing 
effect,  as  the  amoebae  died  with  their  pseudopodia  extended 
instead  of  rolling  up  into  balls. 

The  mitochondria,  when  the  amoeba  is  dying,  have  veiy 
marked  brownian  movement.  In  the  later  stages  of  death  the 
mitochondria  move  out  into  the  clear  ectoplasm  which  before  has 
been  free  from  granules  of  all  kinds.  This  does  not  occur  in  the 
tissue-culture  cells,  as  I  have  already  shown  (Hogue,  '19). 
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REACTION  TO  MELANIN  PIGMENT  GRANULES 
In  studying  the  amoeba's  reaction  to  melanin  pigment  gran- 
ules, I  first  introduced  the  amoebae  into  tissue  cultures  of  the 
spleen  which  had  been  growing  with  the  melanin  pigment  from 
the  retina  of  a  chick  embryo  for  from  twenty-four  to  forty-eight 
hours.  Lat«r  I  simply  put  the  granules  into  hanging  drops  of 
0.7  per  cent  normal  salt  solution  with  the  amoebae. 

As  soon  as  the  amoebae  recovered  from  being  transferred  and 
were  moving  about  with  their  large  ectoplasmic  pseudopodia, 
they  began  to  take  in  the  pigment  granules.  The  amoebae 
reacted  differently  to  these  granules  which  were  in  great  numbers 


Fig.  2  Amoeba  stained  with  neutral  red  and  janus  black  no.  2.  The  neutral- 
red  granules  are  clear,  the  mitochondria  are  solid  black.  12,5  ocular,  1.9  oil 
immersion. 

Fig.  3    Arooeba  stained  with  janus  black  no.  2.    The  mitochondria  are  oblong 


and  a  few  small  o 


e  arranged  in  groups.     12.5  ocular,  1.9  oil 


and  were  showing  brownian  movement.  Some  of  the  amoebae 
ftt  once  took  in  large  numbers  of  the  granules,  others  only  a  few, 
and  still  others  moved  about  freely  among  the  granules  without 
taking  in  any  of  them.  There  was  evidently  some  difference  in 
the  physiological  condition  of  the  amoebae  at  that  time. 

Many  of  the  granules  were  oblong,  so  that  it  \\a^  ea.sy  to  deter- 
mine their  movement  in  the  cells.  They  always  entered  by  way 
of  the  anterior  pseudopodium,  whether  it  was  one  large  pseudo- 
podium  or  two  smaller  ones.  The  amoeba  took  in  the  granules 
in  the  same  manner  that  it  takes  in  its  food.  The  granules  had 
to  be  in  the  same  plane  as  the  advancing  pseudopodium.  If 
they  were  above  it  or  below  it  the  amoeba  simply  went  past  it 
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without  taking  it  in.  The  granules  could  lie  in  any  position  in 
relation  to  the  advancing  pseudopodium.  They  were  horizontal 
and  perpendicular  to  it  and  at  times  formed  an  angle  with  it. 
Often  they  were  swung  around  from  a  perpendicular  to  a  horizon- 
tal position  and  vice  versa,  and  sometimes  they  swimg  from  a 
perpendicular  or  horizontal  position  to  a  slanting  one  and  vice 
versa  as  they  entered  the  ectoplasm.  Once  in  the  ectoplasm 
their  position  was  constant  until  they  reached  the  endoplasm. 
As  soon  as  they  were  there,  they  were  whirled  about  by  the  endo- 
plasmic currents. 

As  a  rule,  only  one  granule  was  taken  in  at  a  time,  though  I 
have  seen  a  group  of  three  go  in  at  once,  and  frequently  two  gran- 
ules will  be  taken  in  at  different  parts  of  the  pseudopodium  at  the 
same  time.  The  amoeba  is  capable  of  taking  in  a  large  number 
of  these  granules.  Four  hours  after  the  pigment  granules  were 
introduced  into  the  hanging  drop  of  amoebae,  the  amoebae  were 
filled  with  the  granules.  They  had  at  least  a  hundred  granules 
and  resembled  the  pigment  cells  of  the  retina,  except  for  the  fact 
that  they  were  moving  rapidly. 

The  amoeba  takes  the  granules  in  by  simply  pushing  against 
the  granules  with  such  force  that  the  granule  pierces  the  ecto- 
plasm. For  this  reason  the  granule  to  be  taken  in  must  be  in 
the  path  of  the  advancing  amoeba.  If  it  is  to  one  side  of  the 
anterior  pseudopodium  it  is  passed  by;  if  it  is  near  the  side  of 
the  pseudopodium,  but  still  anterior  to  it,  it  may  be  taken  in  or 
it  may  be  pushed  off  farther  to  the  side,  depending  on  how  far  to 
the  side  it  is  and  also  on  how  rapidly  the  amoeba  is  moving.  If 
it  is  moving  very  fast  the  granules  near  the  outer  edge  of  the 
anterior  pseudopodium  are  much  more  likely  to  be  pushed  away 
than  to  be  taken  in,  or  they  may  remain  attached  to  the  amoeba 
like  the  spines  of  a  sea-urchin  and  be  passed  back  along  the  edge 
until  they  reach  the  posterior  end.  Here  they  frequently  remain 
attached  for  a  long  time,  but  are  never  taken  in  at  this  point. 
When  the  amoebae  have  been  in  a  medium  full  of  these  melanin 
granules  for  some  time  many  of  them  are  found  carrying  at  least 
fifty  or  more  granules  on  their  pointed  posterior  ends.  They 
fairly  bristle  with  the  pigment  granules  at  this  point. 
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After  the  granules  have  entered  the  endoplasm,  they  circulate 
freely  through  it.  Sometimes  two  or  more  will  imite  and  occa- 
sionally a  vacuole  will  form  about  these  fused  granules.  Some- 
times there  will  be  as  many  as  three  or  four  cliunps  of  granules 
in  one  vacuole.  These  vacuoles  are  heavy  and  lag  behind  in  the 
I)osterior  part  of  the  amoeba.  Eventually  they  come  in  contact 
with  the  outer  edge  of  the  amoeba.  After  that  they  soon  break, 
discharging  the  pigment  granules  to  the  outside.  Some  of  the 
granules  remain  attached  to  the  amoeba,  others,  more  forcibly 
ejected,  float  away  in  the  medium.  In  this  way  the  amoeba 
gets  rid  of  the  melanin  pigment.  After  twenty-four  hours  most 
of  the  amoebae  had  given  off  the  granules  and  were  moving  about 
freely  among  the  granules  without  taking  them  in  again,  at  least 
not  in  such  large  quantities  as  when  the  granules  were  first  intro- 
duced into  the  hanging  drop.  The  amoebae  never  digested  the 
melanin  pigment. 

Small  mononuclear  blood  cells  were  present  in  large  numbers 
in  the  tissue  cultures  of  spleen.  These  the  amoebae  took  in, 
carried  them  about  for  a  while,  and  then  gave  them  off.  Several 
of  them  would  often  remain  sticking  to  the  posterior  end  of  the 
amoeba  along  with  many  pigment  granules.  All  this  weight  did 
not  seem  to  retard  the  movement  of  the  amoeba. 

These  results  are  somewhat  similar  to  those  obtained  by  Smith 
('21)  with  tissue-culture  cells,  except  that  the  tissue  cells  take 
in  the  melanm  pigment  at  aU  parts  and  the  pigment  granule 
must  always  be  horizontal  to  the  surface  of  the  cell  where  it  is 
entering.  He  notes  the  formation  of  vacuoles,  but  could  not 
determine  the  ultimate  fate  of  the  granules,  as  the  life  of  the 
tissue-culture  cells  is  short,  and  they  died  without  discharging 
or  digesting  the  granules. 

DEATH 

Ordinarily  when  the  nucleus  and  cytoplasm  of  a  tissue-culture 
cell  have  taken  methylene-blue  or  brilliant  cresyl-blue  or  neutral- 
red  stain,  the  cell  is  said  to  be  dead.  Again  in  tissue-culture 
cells,  when  the  color  of  the  neutral-red  granules  fades  and  they 
become  clear,  the  cell  is  thought  to  be  dead  (Lewis,  '19).    With 
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the  amoeba  a  different  standard  must  be  used.  In  one  experi- 
ment already  cited  the  amoebae  were  treated  with  neutral  red 
and  with  janus  black  no.  2  at  9:30  in  the  morning.  The  neutral 
red  color  had  disappeared  at  12:00,  noon,  but  at  4:30  in  the 
afternoon  the  amoebae  were  still  moving  actively.  The  next 
day  they  were  dead. 

This  is  also  true  of  both  brilliant  cresyl  blue  and  methylene 
blue.  Tlie  amoeba  moves  rapidly  after  its  nucleus  and  cyto- 
plasm have  both  become  stained.  It  is  evident,  therefore,  that 
these  old  criteria  of  the  death  of  a  cell  cannot  be  applied  to  an 
amoeba  which  still  continues  to  move.  Indeed,  one  can  wonder 
whether  the  tissue-culture  cells  are  really  dead  when  their  nuclei 
and  cytoplasm  have  taken  these  stains. 

When  these  amoebae  are  alive  they  are  actively  sending  out 
pseudopodia.  Usually  these  come  from  only  one  part  of  the  cell 
at  a  time,  though  any  part  may  send  them  out.  The  amoebae 
not  only  send  out  pseudopodia,  but  they  move  rapidly.  As  the 
animals  begin  to  die,  progression  is  less  rapid,  though  the  pseudo- 
podia are  formed  very  quickly.  Then  gradually  the  pseudopodia 
are  formed  more  slowly,  then  only  at  one  end  of  the  amoeba,  and 
eventually  they  are  simply  blebs  which  flow  from  one  side  of  the 
amoeba  to  the  other  until  finally  all  motion  stops  and  the  amoeba 
is  dead. 

From  the  fact  that  locomotion  and  motion  become  gradually 
less  and  less  as  the  amoeba  is  dying,  it  seems  e\ddent  that  the 
motion  of  an  amoeba  and  not  its  reaction  to  vital  stains  should 
be  the  ultimate  criterion  of  life  in  the  trophozoite  stage. 
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A  STATISTICAL  NOTE  OX  EPIDEMIC 
ENCEPHALITIS  * 

By  Eaymond  Pearl 

School  of  Hygiene  and  Public  Health,  The  Johns  Hopkins 

University 

During  the  last  years  of  the  war  and  since  there  has  occurred  [221] 
the  significant  beginning  and  menacingly  rapid  spread  of  a 
disease  either  previously  not  existing,  or  at  least  not  occurring 
frequently  enough  to  get  general  recognition,  namely,  enceph- 
alitis lethargica  or  epidemic  encephalitis.  Because  of  its 
extremely  rapid  development  in  frequency  of  occurrence  and 
because  of  its  extremely  fatal  character,  together  with  the 
probability  that  it  may  become  an  epidemic  disease  of  an 
importance  similar  to  that  of  poliomyelitis  it  seems  desirable, 
thus  early  in  its  history,  to  make  some  analysis  of  its  statistical 
characteristics.  To  do  this  has  been  the  object  of  the  prepara- 
tion of  this  paper,  in  which  I  have  been  assisted  on  the 
arithmetic  side  by  Mr.  John  Rice  Miner. 

The  aid  which  the  mathematical  analysis  of  statistical  data 
can  render  the  epidemiologist  and  pathologist,  and  the  degree  of 
certainty  which  such  analysis  can  add  to  their  conclusions,  are 
not  gener^ly  recognized.  Usually  the  health  officer  is  content 
with  the  mere  tabulation  of  frequency  of  occurrence  of  mor- 
bidity and  mortality.  Such  figures  are  too  frequently  made 
the  basis  of  conclusions  without  any  recognition  of  the  errors 
of  sampling  involved.  Before  one  can  be  in  any  degree  cer- 
tain of  conclusions  from  such  figures  their  probable  errors 
must  be  known. 

Material, — Two  papers  have  recently  appeared  giving  raw 
data  regarding  the  development  of  epidemic  encephalitis.    The 

♦  Papers  from  the  Department  of  Biometry  and  Vital  Statistics, 
School  of  Hygiene  and  Public  Health,  The  Johns  Hopkins  University, 
No.  36. 
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[221]  first  of  these  papers  ^  deals  with  the  cases  of  the  disease  m  the 
whole  United  States  in  the  years  1918  and  1919.  The  seocmd 
paper '  deals  with  the  mnch  more  restricted  field  of  New  York 
City  in  1919  and  1920,  but  because  of  the  accelerated  fre- 
quency of  occurrence  of  the  disease  during  the  latter  yeir, 
contains  far  more  statistical  material  than  Smith's  paper.  It 
is  with  the  data  from  this  second  paper  that  we  shall  chiefly 
deal  here. 

Case  Fataiity  Rate.—TMe  1,  taken  from  (2),  gives  the 
incidence  and  deaths  from  this  disease  in  New  York  City  in 
1919  and  1920.  There  is  a  slight  correction  of  an  obvious 
arithmetic  error  in  the  total  deaths  in  1919,  from  that  given  in 
the  original. 

These  data  give  the  f oUowing  case  fatality  rates : 

1919,  case  fatality  rate=^-^||g^=26  per  cent 

1920,  case  fatality  rate=  — j™ —  =37  per  cent 

The  first  of  these  figures  agrees  well  enough  with  the  29  per 
cent  given  by  Smith  for  the  case  fatality  rate  oyer  the  whole 
country  in  the  years  1918  and  1919.  The  significant  thing  is 
that  the  case  fatality  rate  appears  to  be  increasing.  Such  a 
conclusion  depends  upon  the  assumption  that  morbidity  from 
this  cause  was  at  least  as  well  reported  in  1920  as  in 
[222]  1919.  It  may  be  accepted  with  reasonable  certainty  that  the 
deaths  were  as  well  reported  in  the  one  year  as  the  other.  The 
well-known  high  standards  maintained  in  the  work  of  the 
Bureau  of  Vital  Statistics  of  the  New  York  City  Department 
of  Health  practically  ensures  this.  The  morbidity  figures  are 
more  doubtful,  because  this  disease  has  only  recently  been  made 
reportable  in  the  city.  But  let  us  carefully  examine  the  alter- 
natives which  are  presented.  If  we  assume  (a)  that  the  deaths 
have  been  equally  well  reported  in  1919  and  1920,  which  is  a 
justifiable  assumption,  and  (b)  that  the  true,  but  unknown, 
case-fatality  rate  has  remained  absolutely  constant  at  the  1919 
figure  during  these  two  years,  then  it  follows  that  to  get  the 
37  per  cent  observed,  it  will  be  necessary  to  suppose  that  the 
565  cases  reported  in  1920  far  underestimate  the  true  number 
which  occurred.    It  must  be  assumed  that  actually  812  cases 
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occurred  instead  of  the  665  reported.  Now  it  would  seem  alto-  [222] 
gether  unlikely,  indeed  indefinitely  improbable,  that  in  the  year 
1920  there  occurred  in  New  York  City  247  cases  of  encepha- 
litis lethargica  about  which  the  Department  of  Health  did  not 
know.  The  prima  facie  reason  why  this  is  so  improbable  is 
the  ever-increasing  interest  and  recognition  of  the  importance 

TABLE  1.— INCIDENCE  AND  DEATHS  FROM  EPIDEMIC 
ENCEPHALITIS,  BY  MONTHS,  1919-1920 


Month 


January.. 
February . 
March .... 

April 

May 

June 

July 

August . . . 
September 
October  . . 
November 
December. 
Totals.. 


1919 


1920 


Cases 

Deaths 

Cases 

Deaths 

5 

•    • 

36 

12 

16 

•    • 

149 

50 

25 

9 

116 

52 

10 

1 

66 

16 

16 

5 

42 

22 

4 

1 

20 

12 

2 

1 

39 

9 

1 

•   • 

28 

11 

8 

5 

22 

6 

23 

7 

11 

3 

9 

3 

12 

9 

9 

1 

24 

9 

128 

33 

565 

211 

of  this  disease  by  the  Department  of  Health  during  the  period 
named. 

Suppose  we  consider  the  second  alternative  which  is  that 
the  figures  for  1919  greatly  underestimate  the  true  and  assumed 
constant  case  fatality  rate.  This  means,  if  we  assume  the 
deaths  to  have  been  substantially  accurately  reported  for  the 
same  reason  as  before,  that  there  were  more  cases  reported  in 
1919  than  actually  occurred.    To  justify  this  second  alterna- 
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[222]  tive  it  must  be  supposed  that  actually  there  occurred  in  1919 
in  New  York  City  only  89  cases  of  epidemic  encephalitis, 
instead  of  the  128  reported.  This  would  be  a  highly  improb- 
able assumption.  And  further  we  must  reckon  with  the  close 
agreement  between  Smith's  figures  of  29  per  cent  for  the  case 
fatality  rate  for  the  whole  country  and  the  New  York  1919 
figures  of  26  per  cent. 

Altogether  it  may  be  tentatively  concluded,  with  a  high 
degree  of  probability,  that  the  case  fatality  rate  from  the  dis- 
ease is  on  the  increase.  But  the  New  York  numbers  are  abso- 
lutely small  in  a  statistical  sense,  and  the  further  questioD 
must  be  asked,  as  to  whether  the  11  per  cent  increase  in  the 
case  fatality  rate  between  1919  and  1920  in  New  York  is 
statistically  significant,  L  e,,  greater  than  might  reasonably 
be  supposed  to  have  arisen  from  chance  fluctuation  alone. 

The  problem  may  be  stated  in  this  way :  If  in  a  sample  of 
128  cases  of  the  disease  33  deaths  occur,  what  would  be  the 
number  of  deaths  expected  in  a  sample  of  565  cases,  if  noth- 
ing but  chance  were  involved  in  the  matter,  or  in  other  words 
if  there  had  been  no  change  in  the  true  case-fatality  rate? 

We  have,  by  well  understood  principles  (cf.  4  and  5) : 

Mean  deaths  expected  in  second  sample  of  565  =148  ±16. 

Or,  in  other  words,  it  is  an  even  chance,  if  chance  alone 
caused  in  1920  fluctuations  from  the  case-fatality  rate  observed 
in  1919,  that  from  132  to  164  deaths  would  have  occurred  in 
1920,  ratlier  than  a  number  smaller  tlian  132  or  larger  than 
164.  Actually  211  deaths  occurred  in  1920.  The  difference 
between  211  and  148  is  more  than  3.9  times  the  probable  error 
of  the  latter  figure.  Whence  we  may  conclude  that  there  wai 
a  statistically  significant  rise  in  the  case  fatality  rate  in  1920 
as  compared  with  1919  in  New  York  City. 

Seasonal  Distribution. — A  question  which  at  once  occurs  to 
one  in  examining  Table  1  is  this:  Is  the  seasonal  distribution 
(by  months)  of  cases  changing  as  the  disease  grows  in  impor- 
tance, or  is  the  monthly  distribution  in  1920  different  from 
that  of  1919  only  by  as  much  as  might  reasonably  be  expected 
from  chance  sampling? 

To  determine  this  question  it  is  necessary  only  to  deter- 
mine the  probability  that  the  two  distributions  differ  signi- 
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fieantly  from  each  other.    It  has  been  shown  by  Pearson  *•  *•     [222] 
that  such  a  probability  will  be  given  by  the  expression 


Where 


f+oo 


f+r 

the  summation  S  extending  over  all  pairs  of  the  elemental  fre- 
quencies /  and  /'. 

From  the  data  of  Table  1,  we  get  for  the  probability  that 
the  1920  and  1919  distribution  are  two  random  samples  from 
the  same  unchanged  phenomenal  universe 

X^  =  89.542, 

whence  it  is  easily  determined  that 

P<.000,000,1. 

Or,  in  words,  it  appears  that  less  often  than  once  in  10  [223] 
million  trials  would  one  expect  to  get  true  samples  of  the  size 
here  dealt  with,  as  divergent  as  are  the  1919  and  1920  monthly 
distributions,  from  the  operation  of  chance  alone.  Hence  we 
conclude  tliat  there  was  a  significant  difference  in  the  seasonal 
incidence  of  the  disease,  as  indicated  by  the  monthly  distribu- 
tion of  cases,  in  1919  as  compared  with  1920  in  New  York. 
Examining  the  details  of  the  x^  calculations  it  is  seen  that  the 
significant  divergences  are  in  the  autumn  and  the  spring. 
There  was  a  significant  flare-up  in  the  spring  of  1920  lacking 
in  1919,  and  a  significant  autumn  outbreak  in  1919  lacking 
in  1920. 

Time  Lag  of  Deaths. — On  the  basis  of  the  24  months'  experi- 
ence exhibited  in  Table  1  it  is  possible  to  determine  the  aver- 
age time  that  deaths  lag  behind  cases.  Put  in  another  way 
this  means  the  mean  duration  of  fatal  cases  of  encephalitis 
lethargica,  between  recognized  onset  and  death.  This  is  found 
to  be: 

Mean  duration  of  time 

between  onset  and  death  =  1.046  ±  .230  months. 
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[228]  The  epidemiological  significance  of  this  datum  is  tliat  it 
may  be  expected,  in  so  far  as  the  1919  and  1920  experience 
of  New  York  City  may  be  regarded  as  typical,  that  the  peak 
of  mortality  in  an  epidemic  outbreak  of  this  disease  will  prob- 
ably occur  from  23  to  37  days  after  the  peak  of  morbidity  has 
been  pasaed.  The  contrast  of  this  with  the  time  lag  in  epi- 
demic influenza  is  sufBciently  striking. 

Influence  of  Sex. — ^Table  2,  again  taken  from  (2),  gives  the 
sex  and  age  distribution  of  the  cases  and  deaths  in  New  York 
City  in  1920. 

From  these  data  the  first  question  to  which  attention  may  be 
directed  is  this :  Is  the  difference  between  the  sexes  in  respect 
of  (a)  incidence^  or  (b)  fatality,  greater  than  might  reason- 
ably be  expected  to  arise  from  chance  alone,  in  a  city  having 
the  sex  distribution  of  its  population  that  New  York  has? 

By  elementary  principles  of  probability  it  is  easily  found 
that,  among  those  persons  having  the  disease  in  New  York 
in  1920,  the  probability  that  a  given  person  picked  at  random 
would  be  a  male  is  given  by 

p=  g|  =.6756, 

whence 

-^  =.000446. 
n 

In  the  whole  population  of  New  York  (on  the  basis  of  the 

1910  census  figures)  the  probability  that  any  person  picked 
at  random  will  be  a  male  is 

p'=.4994  and 

P^  =.000,000,001 
n 

whence 

p-p'  =  . 0762  ±.0142 
and 

Diff./P.E.  Diff.  =  5.4. 
Or,  it  appears  that  there  is  a  significantly  larger  proportion 
of  males  among  those  attacked  by  epidemic  encephalitis  than 
there  is  among  the  general  poulation.  A  deviation  as  large 
as  that  between  p  and  p'  would  occur  on  the  basis  of  chance 
alone  only  once  in  about  every  10,000  trials. 
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TABLE  2.— ENCEPHALITIS  CASES  AND  DEATHS,  BY  AGE  [223]      ' 

AND  SEX,  1920 


Area 


Under  5  years  . . . 

6-  9  years 

10-14      «     

15-19      "     

20-24      "     

26-29      "     

30-34      "     

35-39      «     

40-44      "     

45-49      "     

60-54      "     

55-69      "     

00-64      "     

65-89      "     

70-74      "     

75-79      "     

80-84      «     

85  years  and  over 
Totals 


Gases 

Male 

Female 

23 

24 

26 

14 

32 

18 

23 

24 

37 

34 

29 

27 

35 

18 

30 

18 

19 

14 

24 

16 

15 

8 

8 

3 

7 

7 

4 

4 

3 

2 

0 

1 

1 

I 

•  • 

•  • 

316 

233 

Deaths 


47 

40 

50 

47 

71 

56 

53 

48 

33 

40 

23 

11 

14 

8 

5 

I 

2 


Total  Male 


10 

10 

6 

5 

13 

11 

8 

14 
7 

13 
8 
6 
3 
2 
2 
0 
0 


549 


118 


Female 

Total 

8 

18 

2 

12 

5 

11 

5 

10 

11 

24 

14 

25 

8 

16 

11 

25 

10 

17 

7 

20 

3 

11 

1 

7 

5 

8 

1 

3 

1 

3 

1 

1 

0 

0 

•  • 

•  • 

93 

211 

Among  those  dying  from  epidemic  encephalitis  in  New  York 
City  in  1920  the  probability  that  any  individual  picked  at  ran- 
dom would  be  a  male  was 


P=|}f  =.5592. 
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[tsi]  Whence 

£J  =.0011GS 
n 

p'=.4994  u  before. 
p-p'  =  . 0598  ±.0880. 

From  thia  lesalt  we  nuj  conclude  that  the -pnqiortion  of 
males  dying  from  epidemic  encephalitia  in  New  Tori:  in  1980 
was  not  BJgnificantlj  different  from  that  found  in  the  gesoi) 
popnlation. 

It  thus  appears  that  more  males  were  attacked  bat  no  more 

died  from  encephalitis  than  wonld  have  happened  if  sex  hstl 

no  differential  effect  whatever  relatiTe  to  Qaa  disease.    This 

[224]  result  can  only  mean  that  the  case  Vitality  rate  is  different  in 

the  two  sexes. 

Influence  of  Age. — It  ia  stated  in  (2)  that  "  No  age  seems 
exempt,  but  the  greatest  proportioD  of  casee  occtured  in  young 
adults,  with  a  preponderance  of  males."  This  raises  the  fol- 
lowing question :  Is  the  age  distribution  of  each  of  (a)  male 
cases,  (b)  female  cases,  (c)  male  deatiis,  and  (d)  femaledeaths, 
significantly  different,  as  a  whole,  from  (e)  the  male  popnli- 
tion  age  distribution  and  (f )  the  female  poptilatira)  age  dis- 
tribution P 

Using  the  x*  method,  and  taking  the  1910  age  diatribntion 
of  the  New  York  City  population  as  the  basis  of  compariaon, 
one  gets : 

For  male  cases: 

X'  =  8.2.14. 
P=.410. 

Or,  one  would  expect  in  4  out  of  every  10  trials  with 
sainpleB  of  the  size  here  dealt  with  to  get  a  divergence  as 
great  as  or  greater  than  that  between  the  male  case  incidence 
age  distribution  and  tbe  general  population  age  distribution. 
if  epidemic  encephalitis  were  perfectly  random  in  its  age 
incidence.  In  other  words,  there  is  slight  basis  for  assum- 
ing that  this  disease  attacks  males  more  frequently  at  one 
age  than  another. 

If  we  leave  out  the  "  under  5  "  group 

x'=4.ni. 

P=.»67. 
(8> 


This  means  that  in  males  5  years  old  and  over  the  age  [224] 
incidence  of  cases  is  very  close  indeed  to  a  random  one.    In 
77  out  of  every  100  trials  there  would  result  from  chance 
alone  deviations  as  great  as  or  greater  than  that  actually 
shown  between  male  cases  and  the  general  male  population. 

Turning  to  male  deaths  we  have : 

X==:  18.450. 
P  =  .018. 

These  values  indicate  a  significant  divergence  of  the  male 
death  age  distribution  from  the  general  population  male  age 
distribution.    But  a  further  analysis  gives: 

For  male  deaths  under  45  years  of  age : 

x'  =  5.790. 
P=.448. 

For  male  deaths  under  35  years  of  age: 

X'  =  3.319. 
F=.652. 

It  thus  appears  that  it  is  chiefly  the  excess  of  male  deaths 
beyond  age  45  from  this  disease  that  causes  the  low  value  of 
P  for  the  entire  male  death  distribution. 

Putting  all  the  facts  together  it  can  be  asserted,  on  the 
basis  of  the  experience  of  New  York  City  in  1920  with  epi- 
demic encephalitis,  that  in  males  the  disease  is  probably  not 
significantly  more  likely  to  attack  one  age  than  another,  but 
instead  falls  upon  males  in  about  the  proportion  that  they 
are  normally  present  in  the  general  population.  It  is  further- 
more not  more  fatal  among  the  attacked  at  one  age  than 
another  until  after  age  35  is  passed.  From  that  point  on 
there  are  more  fatal  cases  than  would  be  expected  if  the  toll 
of  death  were  taken  purely  at  random  in  respect  of  age. 
.  Turning  to  the  age  distribution  of  female  cases,  and  again 
comparing  with  the  age  distribution  of  the  total  female 
population  (as  of  1910)  we  get: 

X'  =  4.847. 
•F=.773. 

It  is  thus  quite  certain  that,  so  far  as  the  experience  of 
New  York  City  in  1920  may  be  taken  as  typical,  epidemic 
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[224]  encei^ialitis  occurs  among  females  wiihoat  definite  age  p^efe^ 
ence,  striking  the  different  ages  in  due  proportion  as  tfaej  aie 
represented  in  the  general  population*  Females  of  any  particu- 
lar age  are  not  more  likely  to  contract  the  disease  than  females 
of  any  other  age. 

The  age  distribution  of  deaths  among  females  presentB  a 
different  case.  It  will  be  well  to  examine  the  facts  in  some 
detaiL    Table  3  gives  the  data. 


TABLE  3.— DATA  FOR  TESTING  THE  DEVIATION  OF  THE 
FEMALE  DEATH  AGE  DISTRIBUTION  FROM  THE 
FEMALE  POPULATION  AGE  DISTRIBUTION 


Asm 

m 

Afe  dUtrlbotioB 

of  f  tmal* 

popalmtioa  (■■ 

of  lOlQ) 

m' 

Afo  dittrlbatlOQ 

of  f^malMdjrliif 

of  •occphaBtto 

UAhurgioalamo 

m 

Under  5  years 

5-  9  years 

10-14      "     

15-19      "     

20-24      "     

Ml/     OV                            ....  •  .  .  a 

35-44      "     

45-64      "     

65  years  and  over. . 

9.810 

8.553 

8.268 

9.427 

10.954 

17.495 

13.044 

12.554 

2.894 

8 

2 

5 

5 

11 

22 

21 

16 

3 

.3340 
5.0207 
1.2917 
2.0790 

.0002 
1.1600 
4.8626 

.9459 

.0039 

Totals 

92.990 

93 

15.6880 

X*  =  15.6880 
P=.048. 

It  thus  appears  that  the  death  distribution  as  a  whole  is 
significantly  divergent  from  what  would  happen  if  the  dis- 
ease was  as  likely  to  be  fatal  at  any  given  age  as  at  any  other: 
But  it  is  also  apparent  that  more  than  half  of  the  large  value 
of  X*  is  due  to  the  contribution  of  but  two  age  groups.  These 
age  groups  are  the  5  —  9  and  the  35—44.    The  deaths  in  the 
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former  were  fewer  than  expected  and  more  than  expected  in  [224] 

the  latter.  The  numberB  are  small,  however,  and  it  will 
probably  be  found,  when  more  data  are  available,  that  thfi 
facts  as  to  age  distribution  of  deaths  are  the  same  in  females  as 
in  males,  namely  that  there  is  a  definite  tendency  towards 
greater  fatality  in  the  higher  age  groups. 

SuMMAfiT  [225] 

It  is  distinctly  to  be  understood  that  the  results  herein  set 
forth  have  only  such  degree  of  validity  as  inheres  in  the 
experience  of  New  York  City  with  epidemic  encephalitis  dur- 
ing the  two  calendar  years  1919  and  1920.  Doubtless  as 
more  material  accumulates  new  statistical  relations  of  this 
disease  wiU  appear.  But  at  the  present  moment  the  data  here 
discussed  are  the  most  extensive  in  existence,  so  far  as  the 
writer  knows.  They  fairly  represent,  in  short,  about  all  th? 
basis  of  a  statistical  character  which  exists  for  forming  an 
intelligent  opinion  now  about  the  statistical  features  of  this 
potentially  important  disease.  The  conclusions  reached  are, 
of  course,  subject  to  modification  by  more  extensive  experience. 

What  these  conclusions  are  may  be  summarily  stated  as 
follows : 

1.  In  the  year  1920  the  case  incidence  of  epidemic  encepha- 
litis increased  in  New  York  City  nearly  five-fold  over  1919, 
At  the  same  time  the  case  fatality  rate  increased  from  26 
per  cent  of  the  attacked  to  37  ])er  cent  of  the  attacked.  It  is 
believed  that  this  increase  in  case  fatality  rate  is  a  real  phe- 
nomenon, and  it  is  certainly  statistically  significant. 

8.  The  seasonal  incidence,  as  judged  by  monthly  distribu- 
tion of  cases  was  significantly  different  in  1920  to  what  it 
was  in  1919. 

3.  The  peak  of  mortality  in  an  epidemic  outbreak  may  be 
expected  to  occur  from  23  to  37  days  after  the  peak  of  case 
incidence  (morbidity). 

4.  There  is  a  significantly  larger  proportion  of  males  among 
the  attacked  than  there  is  in  the  general  population,  or,  put 
in  another  way,  males  are  especially  susceptible,  to  a  statis- 
tically significant  degree. 


ff   Ihartu  iwmr  amoug  nnka  do  more  frequently  in  e 
puuui  with  fenuJes'than  vould  be  expected  from  tbe  Domia! 
proportions  ol  the  two  sexes  in  the  population  at  larg>.\ 

6.  Tlw  diSMse  is  nnt  more  liketv  to  att:i<'k  I'it'uT  ]!::il''~  or 
fnnalei  at  obb  ige  flnn  at  uuthor.  The  age  distribntioii  of 
attadEed  ca—,  in  otber  «ord%  does  not  aignificantly  differ 
in  eiOter  aex  from  flu  ags  dirtrilmtio&  of  the  genenl  popa- 
lation. 

7.  The  age  diatiibatku  of  deaths  does  differ  Bignificantly 
in  bodi  Bene  from  the  age  diHtribntion  of  the  population. 
Iltere  a.fpmn  to  be  a  definite  tendency  for  the  disease  to  be 
more  btal  in  the  higher  age  gnrope. 
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Raymond   Pkarl 

A   biological    classification 
of  the  causes  of  tieatli  (]) 


Some  tiriifl  ajro  lht>  wnter{2)  proiiosed  a  biolo^ricai  classification 
le  caus(>s  of  death,  as  »ol  furth  in  llic  iiilnrii.-ilional  List  and 
by  slatiNtit-iaiis  all  over  the  world.  Th«  und'-'ilyiiig  idea  in 
sujTfi'^stod  ftlassitlralion  was  to  pnl  in^rotlier  all  lliose  lethal 
Lies  which  ijriiifr  about  death  bocausi;  of  (ho  I'uncUorial  broak- 
n  oC  thf^  same  jron^r.-il  oi'^iaii  sysleni.  In  the  idea  of  «  break- 
II »  as  lioi(>  tisod  is  included  botli  a<;tnal  dostniciion  of  the 
111  in  groalor  or  hss  ih^jrroo,  ihnm^li  lesions ;  ami  also  cessation 
iincliou  (jiiite  apart  iVoiii  anatomical  lesion.  The  cause  of  the 
itional  bronkdown  fnmi  iho  point  of  view  of  ihi.s  classification 
'  lie  anything'  M'hatover  in  Iho  ranfje  of  patholofiy.  It  may 
ft  IVoni  bacieri.il  infection,  oi'  from  Irupbic  disturbances,  or 
1  dAmaf;e  due  to  inetOianical  disiurhnncps  wliich  prevent  the 
itiualion,  of  normal  lunction.  df  to  any  oilier  cause  whatever, 
ilher  woids,  (lie  basis  (d'this  cljissilicaliun  i.s  not  thai  of  patho- 
cal  causation,  but  it  is  ralhi'r  thai  nf  functional,  or^r-iuic 
ikdi'Wii.  We  look  al  the  (|ucslinii  of  dijatli  from  thi^  standpoint 
-he  pure  biolojiisl,  who  concern-;  himself  iiol  with  what  causes 
lessatimi  of  function,  but  rallier  with  what  part  of  the  or{ra- 
n  ceases  lo  lunction  and  theroiore  caust-s  death. 
It  was  emphasized  in  the  Ihst  iiublicaiion  on  (his  subject,  and 
ould  repeat  that  euiphasis  hero,  ihat  this  now  classification  is 
advocated  lor  tteneral  statistical  purposes.  As  purpose  is  purely 
lytical,  for  the  further  study  of  certain  problems  of  biolofjy 
eriyiiig  human  mortality  slatislics.    These    statistics   aif  now 


(1)  Pajiors    fioin    llie    I><-iiHrtiiiont    of   BiiiiiiPtij    nml    Vitnl    St^ijstics, 
»i  of  Hygieiin  atnl  I'litjiJc  Honllli,  .l.>|iiis  Ilopkinx  riiiv(>r<il,v,  N.  lU. 

(2)  t'KAKL.    R.    Certain    Erolvlimtini/    Asp'-'-lx    «/'  IJuimin    tmrUility 
a.  Amcriattt  Xntnrnlisl,  \'o\.  J. IV.  |>|i.  ri-lt.  It'L'O, 

—  On  the  Euif'rt/uhiji'.ml  Ilfixis  of  i/utiian  Miittaliti/.  Proc.  Xal.  Acail, 

Vol.  T>,  X.'  vz,  (.p.  r)ta-r.!'8,  iiiiii. 

Cfr.   aJsn    Mwtaiil'f   Cluisificd   fi—ii    a    Xcw   fitamlpoinl.   lidiiflrinl. 
m.  Amer.  Med.  Akoc.  Vol.  74,  N."  -.';{,  June,  5,  IlK>0,  p|..  1579  and  1580. 


uniformly,  and,  on  the  whoEo,  fairly  satisfactorily,  (aliulatert  unflrt 
the  rubrics  of  the  International  List,  Uniformity  in  Statistical  claei- 
iflcalion  is  essential  lo  useable  practical  vital  slatialics.  SaA 
uniformity  has  now  become  well  established  through  the  Inlet- 
national  Classification.  It  wouitt  (>e  most  undesirable,  and  the  ~ 
writer  would  strongly  oppose,  makin;;  any  radical  cltan^es  in  the 
International  ClassiUcation. 

The  classification  presented  here  has  attracted  soino  altnntion 
as  a  result  of  its  puhlicalion  in  a  purely  hiolofjical  Journa),  and 
it  seoiHs  desirable  to  spl  Corlh  in  useahle  form  Ihe  details  of  the 
classification  in  a  piiblifalion  inoro  reaihly  accessible  lo  vital  sta- 
tisticians than  thai  in  which  Il)e  lirsl  discussion  of  tlio  siiliject 
appeared.  There  is  llm  aiure  reason  for  doint:  this  from  the  fact 
that  tlierft  will  shortly  appear  iruni  the  writer's  laboratory  several 
detailed  statistical  sludiivs  based  upon  tins  classiDcation. 

In  order  to  savn  space  no  allcnipt  will  lie  made  liere  lo 
repeat  the  patholoirical  disiTus^jnus  relative  lo  the  inclnsion  of 
specific  (causes  of  death  in  the  j:ronps  wht^rn  they  are  placed  in 
classification.  Anyoni-  wishing,'  to  «xamine  at  first  hand  the 
reasoning  which  led  to  ihe  details  of  the  makeup  of  this  classi- 
llcatiiJi!  must  <-iiiisiill  llic  iiri;:iiiat  pajiei^s  roftfrnvl  lo  alvivo.  It 
should  h'!  saiil  ihat  in  nspcri  of  ;i  [juinlicr  of  deiaiU  llic  ^hl^«i- 
ficaliitn  is  still  to  Ih;  n';r;irdi'd  as  h'titcilive.  Tlie  writer  will 
welcome  siifi^'i'stinns  as  to  rnudilicaiioiijs  calculati'd  to  briUi;  lis 
details  iiioie  in  ai'i:or.l  wiili  ih'"  fiiinlamental  idna  on  which  ilie 
clnssili(iaii(Jii  as  a  who|i>  is  1i;isi'd. 

The  d''iails  of  ihe  chL-isilii-atioii  uuiy  Uo  m^\  forth  in  iw.i  w.-iys, 
whii'li  lofrctbcr  siTvi'  .-is  a  <-riiss  index  to  all  of  Ihe  IS!)  causes  iif 
death  in  ill"  Iniertiaiionnl  Msi,  The  bioloiiical  classincaliuii  proposes 
ten  niaiu  groups  as  fnUuws: 

Miihi   Uenrh  nf  liiolot/icnl  Clrissi ftfaiion 
of  Cnmi's  of  lluiuan  Mor/alifi/. 

II.       (.:irenlaiofysysieiii,l)lood,  aiidli|f)(id-rorriiir)i:oivan5. 
iiH',Mn:in  lu.T- 1  "■      Wi'Sltiratory  system. 

.<  diif  111  I II'-     I'l'i'iiary  and  sf(;i)iidary  sex  oi'^':tiis. 


I  hi-  brviiliil'in 
aid   tuiiure  la  < 

rniii'i'"!!  o\  "uc 
or  iDirtli'T  uMW  j 
bt:iuK''U'.1  rtr;'^.ii 


^IV.      Kidnevs  and  i 

V.  Sk"l"(al  and  n 

VI.  Aiinieniary  lia 


.'<boi 


cd  rxU-.' 
isciilar  s; 
I  and  ass( 


oiy  oriraiis. 

ems. 

aied  or^-ans  concpin".! 


VII,  Norvons  svslem  and  sense  or^rans. 

VIII.  Skin. 

I\.     Kndoerinal  system. 

X.      All  other  causes  of  'loath. 


Raymond   Pearl 

A   biological    classification 
of  the  causes  of  death  (i) 


Some  tinio  ago  tho  writer  (2)  proposed  a  hiological  classification 
le  causes  of  doatii,  as  sot  forth  in  the  Intornatioiial  List  and 

bv  statisticians  all  over  the  world.  Tho  underlying  idea  in 
su*i}4:ested  classification  was  to  put  together  all  those  lethal 
ies  which  bring  about  death  because  of  the  functional  break- 
:i  of  the  same  gcMieral  organ  system.  In  the  idea  of  «  break- 
:i  »  as  here  used  is  included  both  actual  destruction  of  tlie 
n  in  greater  or  less  degree,  through  lesions;  and  also  cessation 
motion  quite  apart  from  anatomical  lesion.  The  cause  of  the 
tional  breakdown  from  the  point  of  view  of  this  classification 

be  anything  whatever  in  the  range  of  pathology.  It  may 
It  from  bacierial  infection,  or  from  trophic  disturbances,  or 
1  damage  due  to  mechanical  disturbances  which  [)reyent  the 
inuation,  of  normal  function,  or  to  any  other  cause  whatever. 
)tlier  words,  the  basis  of  this  classification  is  not  that  of  patho- 
cal  causation,  but  it  is  rather  thai  of  functional,  organic 
ikdown.  We  look  at  the  quest.i<»n  of  death  from  the  standpoint 
he  pure  biologist,  who  concerns  himself  not  with  what  causes 
cessation  of  function,  but  rather  with  what  part  of  the  orga- 
1  ceases  to  function  and  therefore  causes  death. 
It  was  emphasized  in  the  first  publication  on  this  subject,  and 
)uld  repeat  tliat  emphasis  here,  that  this  new  classification  is 
advocated  for  general  statistical  purposes.  As  purpose  is  purely 
ytical,  for  the  further  study  of  certain  problems  of  biology 
M'lving  human  mortality  statistics.    These   statistics   are  now 


;])  Papers   from    the    I)»»partment   of  Biometry    and    Vital    Statistics^ 

1)1  of  Hygiene  ami  Public  IL^alth,  .]t>|nis  Hopkins  University,  N.  19. 

(2)  Pearl,    R.    Certain    Evolutionary   Aspects   of  Human    mortality 

s,  xUtwrican  ynturaliat.  Vol.  LIV..  pp.  5-4-1.  1920. 

—  f)n  the  Emhryolotficiil  Basis  of  Human  Mortality .  Proc,  Nat.  Acad, 

Vol.  5,  jV.*  12,  pp.  oK^-ry.'S,  1919. 

Of  I',    also    Mortality    Classified   frum    a    New    Standpoint,    Editorial. 

71.  Amer,  Med.  Assoc,  Vol.  74,  N.**  23,  June,  5,  1920,  pp.  1579  and  1580. 
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X.  Ail  othef  anaea  of  death. 
Included  caiuiM :    1«,  34,  46,  46,  o5,  MS,  152  (i      ^^ 

(u?cu)iar  to  early  rnrmicy  only),  153,  IS'l,  164-184  Incl.  (ail  oil* 
anrl  nccldi'Qtal  caucus  uxcept  suicide),  1M7-IS0  incJ.  (iU-iMt 
ditwases,  totfill. 

U  will  be  iio(e^  that  two  causss  or  death  (riz.  21,  Glu) 
jind  21.  Anthrax)  have  been  transfi?rr«d  from  Class  VIII  (the si 
wheri!  Ihfiy  vei-e  placed  in  rtarlinr  papers,  lo  Class  I  (Ihii  dim 
tory  system,  blnod,  and  lilond-Cormiiig  organs).  Further  consittflmti 
of  tlio  matter  »in«e  itio  flrat  sfudy  load*  to  liie  conclusioa  H 
these  disease's  should  go  from  a  biolngical  point  of  view  it  I 
sanifl  class  with  pm-uletit  infection  and  septicemia.  For  the  iJ<«aii 
arguments  on  the  point  here  al  issue  my  first  paper  on  tliesutji 
Bhoold  be  consulted.  Ir.  is  to  be  noted  that,  because  cf  thfiii 
gniUciiU  death  rate  Uom  causes  31  and  23  oo  essential  dillM 
ill  any  HtaliNtical  conclusiona  will  be  made  wlicrever  Ihue 
iliseasea  ar«  placed. 

In  order  to  fauilitate  the  Hading  of  the  main  group  a^ 
A  imrttcular  cauue  of  death  of  Ihi;  Inteniatioual  List  TaDi  ' 
.following  index  will  be  f'oinid  useful : 

Index  io   HUdogicnl  Oittmficaiion  of  Causes  of  Death, 


Typhoid  fever .  .  . 
Typhus  fever  .  .  . 
lielapsing  fever   .     . 

Malaria 

Smallpox  .... 
Measles  .... 
Scarlpl  fever  .  ,  . 
Wbooping  cough.  . 
Diphtheria  and  croup 

Jtifliienza 

.Miliary  fevar  .  .  . 
Asiatic  cholora  .  . 
Cholera  nostras  .  . 
Dys-'Mlery    .... 

Plaiiut! 

Yullow  fever  .  .  . 
I^sprnsy  ..... 
liiysipelas   .... 


Olher  epidemic  diseases ■. 

Purulfur  inrtiRtidii  aiui  se|ittc«iriia.    .    .    . 

Glanders 

Anthrax  

Uabies 

Touiiius 

Mvcoses 

Pellagra 

Upriberi 

Tulicrnilusis  ol'  tlm  lungs 

Aciile  miliary  tulKHvulosis 

Tiih'Toultms  mcaingiiiR  ' 

Abdoiiiiiiai  i iihiMcolosis 

Foil's  (lisi\'LSG 

Wliilfi  swc'lliriKS 

Tuljercoliwis  i>r  uihtH-  orfiaiis 

Dlssottiiriatfd  liihorciilnsis 

ItickfW 

Sy[il)ili» 

Ooin)(;(icc.iis  itit'ijclioii 

Caii'.'pr  of  lin'  liiKx.'il  caviry 

Caiicf*r  of  lilt'  sIoiiia<rli,  livor  ;  .  .  .  . 
Oaiict'r  of  till'  [H'riUtiioiiiiij  irilostiims,  rpcliitn 
CaiiciT  of  ill''  fi'inal''  jntiiital  oi'tratis.     ,     . 

0;iiir^M-  of"  (ht^  liroasi 

Cancer  of  tli'^  Nltiti 

Cancer  of  oilier  orji;u(.s  oi-   of  or-raiH    iiol 

s|.<.(;ill.'d 

Oilipr  minors  (riiniors  of  ilio  female  j^'onitnl 

orjraiis  exce^iied) 

Aruto  ai'liiiniar  rlieninalism 

CI)i'oiii<;  rtieiimalism  aii<l  goiil 

Scnivv    

Iiial>«ies 

Kxo|ihilialmtc  troiler 

.\ddis..n".s  dise,-ise 

Lunkomia 

AiK'tiiJH,  cliloi-osi.s 

oilier  jrenfiral  diseases 

Alrnholism  (actile  or  chronic.i 

Chronic  lend  iioisonini: 

Olher  rlironi*;  o(;(ni[ialioii  [Kjisonings .  .  . 
Other  chimiic  poi.-ioniH'.'s 


I 

I 

VII 

VII 

VUI 

VI 

VI 

II 

11 

VII 

VI 

V 

V 


III 
III 
VI 
VI 
VI 

III 
111 

VIII 


VI 

VI 

IX 

IK 

I 

1 

X 

VII 

VI 

VI 

VI 


'  eauaos  of 
Inclndeil  cMtstm :.  )»,  3-t,  -1^  4ft,  55,  14a,  163  (otber  4_ 

pi?cu]titr  to  early  turanoy  only),  15:1, 154, 164-160  iiicU  (nil  exUl 
and   ncciilHotal    causRs   f!xc*jpl    Riiicide),    187-189    iticl,    (ilMefiw*!' 
disfiastts,  tnlali. 

U  wiliV  rioleil  Hint  Iwo  cAiinm  of  fleAtti  (vix.  SI,  Gl*n^ 

[and  yi,  Anthrax)  hnvt'  liwn  IransfoiTOd  from  Class  VIII  (tlm  ikiuj 

■jfbare  they  were  placed  in  eailier  papers,  lo  Class  I  ^Uie  ciitvl»^ 

f  systora,  blood,  and  blood- forming  organs).  Fiirthercoosid«ntion 

fpt  the  m.ilter  sinc«  'the  Ursl  sliidy   Iftadm    to  tlis  canclttslon  (lltli 

I  dis©rt8f»  shfinld  go  from  a  biological  point  of  view  m  \Vi 

lAmA  ctaas  wiili  puiulent  iafffclioii  and  sopticeiuia..  For  liie  dctaiM 

Arfsiiiiienta  on  the  point  here  at  issue  my  tirsl  paper  on  ihft  sHla«i 

iboalA  bfl  consulted.  Ii.  is  to  be  ootod  that,  because  of  ihc  ivm', 

DiQe^Ql.  d(\al.h  rale  from  uauisc^  21  and  22  no  esNenlial  ddl^mtil 

I  any  st:»ii8tical  conolosions   will   be  made  wlieiever  these  iw 

M8«$  are  placed.  I 

In  urdur  to  facilitate  the  diiding  of  the  main  group  in  wUlti 

I  particular  nautte  of  ileath   of  the   In(«rrialion.il   List   falls  (n 

[bUowing  index  will  be  found  useful : 

Index  lo  BiolOfficnl  Classification  of  Causes  of  lMuO>. 


Typhoid  fever .  .  . 
Tyidias  fever  .  .  . 
Relapsing  fevoi'   .    - 

Malaria 

Sinallpox  .... 
MeasltiS  .... 
Scarlet  fever  .  .  . 
Whooping  cough.  . 
Difilitliei'ia  and  ci'ou|i 

InJlneoKa 

Miliary  fever  .  .  . 
Asiatic  cholera  .  . 
(Cholera  nostras  .  . 
Dyson  lory    .... 

Plague 

Vellow  fever   .     .     . 

Leprosy  

Erysipelas    .... 
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Other  epidemic  dise<'ises , 

Purulent,  infection  and  septicemia.    .    .     . 

Glanders 

Anthrax 

Kabies 

Tetaims 

Mycoses 

Pellaj^ra 

Beriberi 

Tuberculosis  of  \\u).  lun*,^s 

Acute  miliary  tuberculosis 

Tubf^rculous  menin^ritis  ' 

Abdominal   tubercolosis 

Pott's  disease 

White  swellings 

Tubercolosis  of  otlier  or^'ans 

Disseminated  tuberculosis 

Rickets 

Syphilis 

(ionococcus  infection 

Cancer  of  the  buccal  cavity 

Cancer  of  the  stomach,  liver  ;  .  .  .  . 
Cancer  of  tlu^  peritoneum,  intestines,  rectum 
Cancer  of  the  female  «jrenital  organs.     .     . 

C.'uicer  of  the  breast 

Cancer  of  th*^  skin 

Cancer  of  other  or^ians  or  of  organs   not 

specified 

Other  tiimors  (lumors  of  the  female  genital 

organs  excepted) 

Acute  articular  rheumatism 

Chronic  rheumatism  and  gout 

Scurvy    

Di.'ihfttos 

Exitphllialmic  ^'oiter 

Addison's  (lisofiso 

Lciikftiiiia 

Anotiiin,  chlorosis 

Other  fjeneral  diseases 

Alcoliolism  (acule  or  c-hronic) 

Chronic  lead  poisoning 

Other  chronic  occupation  poisonings .  .  . 
Other  chronic  poisonings 
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l^uorporal  seplicouiia 

rucrporal  ;ill)uiijinuria  and  convulsions.  . 
PiUTpiMVil  phl«'^niasia  alba  dolens,  einholiis. 

s^iddf'Mi  dnalli 

Follow! nii:  cliiidhiith  (not  oMierwise  dolint'di 
l*U(?r'p(»ral  disrasi^s  of  ih(^  hroasi   .     .     .     . 

(Jan«zifne 

Fnrnncle 

A(*iit«»  al)sci»ss 

iMhi'v  dij<(»nsos  of  \\w  skin  and  aniu.»xa.  . 
l)is<»ases  of  tlit^  l)f>n(»s  (tuljcMculosisexceptt'd) 
I)is<»ases    of    tiio    Joints    (inb»»rculosis    and 

iluniniaiisfii  ox('opt«'d) 

Anipn  tat  ions 

(MliiT  di«'as«'s  ol'  ih(*  «)ri:ans  of  Ux'onioiii.n 

IlydrocopliMlus 

('oniioniial  inalfonnaiions  ol*  tlio  hoari  .     . 

(Mh(»r  coniitMiilal  njalforniations     .     .     .     . 

Conuonilal  d«'i»iliiv:  iniMnaimv  hirth.     .     . 

('(um»»nita!  d«»lnliiv  :  atrophy,  niaiasnius.  t^ir. 

InJin'Ks  at   lurtli 

<mIi<m*  4';ius»»s  ooi-tiliar  to  t-arlv  infaiM-v  .     . 
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Si'iiiliiv 
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BIOMETRIC   DATA   ON   INFANT   MORTALITY   IN   THE 
UNITED    STATES    BIRTH    REGISTRATION 

AREA,    1915-1918.* 

By  BAYMOND  PEABL. 
(Beceived  for  publication  May  20th,  1921.) 

Introduction. 

Until  recently  it  has  been  impossible  to  discuss  on  a  satisfactory 
basis  the  infant  mortality  of  any  considerable  portion  of  the  United 
States.  This  diflSculty  has  arisen  from  the  fact  that  except  in  a  few 
localities,  notably  some  of  the  New  England  States,  there  has  been  in 
the  past  no  adequate  system  of  birth  registration.  The  most  accurate 
practical  method  of  stating  the  force  of  infant  mortality  is  to  relate  the 
number  of  deaths  of  infants  under  one  year  of  age  in  a  given  time  unit 
to  the  number  born  in  the  same  time  unit.  The  expression  of  infant 
mortality  rates  as  deaths  under  one  year  per  thousand  births  in  the 
same  time  interval  is  not  entirely  accurate  in  theory.  Instead  of 
using  the  **same  time  interval"  one  should  use  the  births  of  an 
** equivalent"  year  to  get  results  of  the  highest  accuracy,  as  has 
been  pointed  out  by  Knibs  (1917).  But  to  a  first  approximation  the 
ordinary  method  of  using  the  same  time  interval  for  both  the  births 
and  the  deaths  is  suflBciently  accurate. 

One  must  have  accurate  birth  statistics  before  infant  mortality  can 
be  adequately  discussed.  Theoretically,  of  course,  one  might  use  in 
census  years  the  count  of  the  population  of  infants  under  one  year  of 
age  as  the  denominator  of  the  mortality  rate  fraction  or  the  estimated 
population  for  the  same  age  group  in  inter-censal  years.  Such  pro- 
cedure has,  however,  never  been  regarded  by  vital  statisticians  as  en- 
tirely satisfactory  because  of  the  large  errors  which  are  known  to 
inhere  in  counts  of  the  infant  population.  Recently  Crum  (1920)  has, 
apparently  on  the  somewhat  dubious  ground  of  immediate  convenience 
and  expediency,  used  for  the  study  of  infant  mortality,  an  **  infant 

•  Papers  from  the  Department  of  Biometry  and  Vital  Statistics,  School  of 
Hygiene  and  Public  Health,  Johns  Hopkins  University,  No.  39.  A  brief  prelimi- 
nary report  of  this  work  has  been  published  elsewhere  (cf.,  Pearl,  B.,  1920  and 
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mortality  index"  which  is  defined  as  *'the  infant  mortality  per  1000 
of  estimated  population  under  one  year  of  age."  Regarding  this 
index  he  says : 

**  Infant  mortality  rate  has  come  to  mean  infant  deaths  per  1000 
births,  the  deaths  and  births  being  for  the  same  period — ^week,  month 
or  year,  as  the  case  may  be.  For  comparative  purposes  the  'index' 
as  here  determined  is  probably  as  accurate,  if  not  more  so,  that  the 
'rate'  as  births  are  nowhere  so  completely  reported  as  deaths  and  the 
variation  in  the  completeness  of  birth  reporting  is  considerable,  even 
in  the  large  American  cities. ' '  ^ 

This  would  seem  to  be  distinctly  a  retrograde  step  in  biostatistical 
research.  Furthermore  one  cannot  agree  that  this  index  is  **  probably 
as  accurate,  if  not  more  so,"  than  the  usual  rate,  particularly  in  view 
of  the  well  known  inaccuracy  of  even  total  population  estimates 
towards  the  ends  of  inter-censal  periods,  which  is  just  the  point  at 
which  Crum  is  working.  We  may  well  expect,  in  view  of  the  fact  that 
the  general  United  States  population  curve  has  passed  its  point  of 
inflection  (cf.  Pearl  and  Reed,  1920)  that  for  some  time  population 
estimated  by  the  usual  methods  will  be  particularly  inaccurate.  Again, 
in  such  a  case  as  Crum's  usage,  the  estimate  is  not  of  the  total  popula- 
tion, but  of  one  small  age  group.  Also  during  the  war  period  indns- 
trial  movements  connected  with  the  war  profoundly  disturbed  the 
normal  population  growth  of  large  cities.  Altogether  it  is  believed 
that  the  safest  ground  is  to  stick  to  the  normal  infant  mortality  rate 
per  1000  living  births. 

It  is  a  matter  of  great  satisfaction  that  at  last  there  is  well  estab- 
lished a  Birth  Registration  Area  for  the  United  States,  and  five  annual 
reports  on  Birth  Statistics  of  this  area  have  been  issued  to  date  by  the 
Census  Bureau.  We  are  well  embarked  now  on  the  policy  of  ade- 
quate birth  statistics  for  the  country,  and  unquestionably  within  a 
comparatively  few  years  the  Birth  Registration  Area  will  cover  the 
major  portion  of  the  country  as  the  Death  Registration  Area  now 
does.  In  the  short  period  since  the  Birth  Registration  Area  has  been 
established  its  growth  in  extent  has  been  gratifyingly  rapid.  The 
first  report  on  birth  statistics  for  the  year  1915  comprised  data  from 
an  area  including  approximately  only  31  per  cent,  of  the  population  of 
the  country.  The  1918  birth  statistics  report  gives  data  from  an 
area  including  53  per  cent,  of  the  population.  This  furnishes  a 
sufficient  volume  of  material  so  that  one  may  begin  the  mathematical 
analysis  of  some  of  the  problems  of  infant  mortality  with  some  assur- 
ance of  reachinff  valid  conclusions. 
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The  purpose  of  the  present  paper  is  primarily  to  present  the  facts, 
with  some  simple  mathematical  analysis,  of  variation  in  rate  of  infant 
mortality  in  different  geographic  or  demographic  units  of  the  popula- 
tion. These  facts  of  variation  make  it  clearer  where  the  fundamental 
administrative  problems  of  control  of  infant  mortality  lie  than  perhaps 
could  be  done  in  any  other  way.  The  first  step  in  the  solution  of  any 
problem  is  obviously  a  clear  definition  of  the  problem  itself.  We 
shall  see,  as  we  pass  from  city  to  city,  town  to  town,  or  rural  country 
to  rural  country,  that  the  rate  of  infant  mortality  varies  greatly.  In 
the  hypothetical  community  where  the  most  perfect  administrative 
control  over  infant  mortality  possible  or  conceivable  had  been  at- 
tained this  variation  would  to  a  considerable  extent  disappear,  the  only 
residue  of  diversity  between  communities  in  respect  of  infant  mortality 
being  such  as  arose  either  (1)  purely  by  the  operation  of  chance,  that 
is,  from  random  sampling,  and  (2)  from  the  racial  composition  of  the 
several  populations,  and  (3)  from  fundamentally  uncontrollable  en- 
vironmental differences,  such  as  climate,  soil,  etc.  Now  with  the 
actually  existing  condition  of  variation  between  different  communi- 
ties in  respect  of  infant  mortality,  it  is  obvious  that  there  must  be 
particulate  and  presumably  in  large  degree  determinable  reasons  for 
each  particular  difference  which  exists.  Equally  obviously,  before 
administrative  control  can  effectively  wipe  out  these  mortality  differ- 
ences and  get  all  communities  at  or  near  the  level  of  the  lowest,  we 
must  know  something  about  the  determining  causes  upon  which  they 
depend.  Operating  on  a  basis  largely  of  empiricism  and  a  priori 
reasoning,  efforts  to  reduce  infant  mortality  have  in  the  past  been  at- 
tempted with  considerable  success.  Also,  with  the  advance  of  general 
sanitation  the  death-rate  under  one  year  of  age  has  fallen  enormously. 
Greenwood  (1912)  quotes  some  interesting  figures  on  the  point  from 
Farr,  which  we  may  well  reproduce  here  to  show  how  enormous  has 
been  the  improvement. 

TABLE    1. 

Showing  the  reduction  in  the  mortality  of  infancy  and  early  childhood.     (After 

Greenwood.) 


Period. 


Percentage  deaths  under  5  years 


1730-49. 


74.5 


1750-G9. 


1770-89.       1790-1809.'    1810-29. 


63.0 


51.5 


41.3 


31.8 


But  after  such  a  decline  as  these  figures  indicate,  to  continue  the 
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reduction  presents  a  difficult  i»robtoBa  to  the  admiiiistnitiTe  offleiaL 
The  easy  part  of  the  conflict  has  Imppened  and  is  in  the  past   To  eon- 
tinne  the  good  fight  with  the  same  relative  measure  of  sacoess,  one 
presently  must  needs  know  more  precisely  than  is  now  known  the 
pattern  of  the  causal  nexus  which  controls  and  determines  ti»  rate 
of  infant  mortality.    The  problem  confronts  the  administratiTe  dBdsI 
or  the  altruistic  organisation  in  a  specific  rather  than  a  general  man- 
ner.   City  A  has  a  death  rate  under  one  year  of  age  so  low  that  even 
the  most  sanguine  of  hygienic  optimists  would  hardly  undertake  seri- 
ously to  reduce  it  further  by  any  significant  amount.    In  City  6,  m 
the  other  hand,  babies  die  like  flies,  only  somewhat  more  rapidlsr. 
City  B  differs  in  many  respects  from  A.    Some  of  lihese  respects  are 
such  as  to  be  easily  within  the  power  of  control  of  a  healdi  alBieasL 
Others,  such  as  climate  or  the  racial  composition  of  the  peculation,  for 
example;  are  obviously  beyond  the  possibiUty  of  any  control  or  modi- 
fication.  Others  lie  between  the  two'extremes,  and  offer  practical  diffi- 
culties of  varying  degrees.   What  one  needs  to  know  is  which  particular 
line  of  effort  will  in  practice  yield  the  lai^est  return.    And  it  is  rest 
knowledge  not  a  priori  logic  that  is  wanted.    Let  a  single  example 
illustrate.    It  has  been  maintained  that  excessive  infant  mortality  k 
primarily  the  resultant  of  the  so-called  '*  degrading  influence''  ^f  pof- 
erty,  and  such  a  contention  stirs  a^  warmly  sentimental  fading  of 
agreement  in  the  minds  of  a  well-meaning  public,  aealoim  to  do  good. 
This  relationship  obviously  ought  to  be  true,  therefore  to  a  too-ccmuncm 
type  of  mind  it  must  be  and  is  true.    But  Greenwood  and  Brown 
(1912)  in  what  may  fairly  be  regarded  the  most  thoroughly  sound, 
critical  and  penetrating  contribution  which  has  yet  been  made  to  the 
problem  of  infant  mortality,  are  unable  **to  demonstrate  any  unam- 
biguous   association    between    poverty  .  .  .  and    the    death   rate  of 
infants. ' ' 

The  plain  fact  is  that  before  control  or  ameliorative  measures  can 
be  applied  with  the  maximum  of  eflScient  economy  to  the  general 
public  health  problem  of  infant  mortality  we  must  know  a  great  deal 
more  than  we  now  do  about  the  quantitative  influence  of  the  general 
factors  which  induce  spatial  and  temporal  differences  in  the  rate 
of  that  mortality.  But  first  we  must  get  an  adequate  conception 
of  the  magnitude  and  character  of  the  differences  themselves.  Let  as, 
therefore,  turn  to  the  examination  of  the  facts  regarding  variation  in 
infant  morality  in  the  United  States  Birth  Registration  Area. 
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Variation  data. 

The  material  used  in  the  following  discussion  has  been  extracted 
chiefly  from  the  four  annual  reports  on  Birth  Statistics  issued  to 
date.  In  Table  2  is  given  the  frequency  distribution  showing  varia- 
tion in  the  rate  of  infant  mortality  (deaths  per  thousand  living  births) 
for  the  following  groups : 

1.  Total  population  in  cities  of  population  of  25,000  or  over  in  1910. 

2.  Total  population  in  cities  of  under  25,000  population  in  1910. 

3.  Total  population  in  rural  counties  of  registration  states. 

4-  White  population  in  cities  of  population  of  25,000  or  over  in  1910. 

5.  White  population  in  cities  of  under  25,000  population. 

6.  White  population  in  rural  counties  of  registration  states. 

7.  Colored  population  in  cities  of  population  of  25,000  or  over  in  1910. 

8.  Colored  population  in  cities  of  under  25,000  population. 

9.  Colored  population  in  rural  counties  of  registration  states. 

The  entries  in  the  table  are  frequencies,  and  are  to  be  read  in 
accordance  with  the  following  example.  There  were  in  1915,  29  cities 
of  25,000  population  or  more  (in  1910),  in  the  Birth  Registration 
Area,  having  an  infant  mortality  rate  falling  somewhere  between  100 
and  119  deaths  under  one  year  of  age  per  thousand  living  births.  All 
other  entries  are  to  be  read  in  the  same  manner. 

In  order  to  make  possible  a  better  appreciation  of  the  nature  of 
the  frequency  distributions  exhibited  in  Table  2,  Figs.  1  and  2  have 
been  prepared.  These  show  for  the  year  1918  the  frequency  polygons 
for  the  total  population  of  (a)  cities  of  25,000  and  over,  (&)  cities  of 
under  25,000,  and  (c)  rural  counties,  and  also  the  distributions  for  the 
white  and  colored  population  of  rural  counties  in  1918. 
and  space  need  not  be  taken  for  the  graphic  presentation  of  the 
others.  From  Table  2  and  Figs.  1  and  2  the  following  points  are  to 
be  noted : 

1.  The  most  striking  immediately  observable  feature  of  these  dis- 
tributions is  the  great  range  of  variation- which  they  exhibit.  For 
example,  in  1918  the  236  cities  of  under  25,000  inhabitants  showed 
infant  mortality  rates  ranging  all  the  way  from  the  class  40-59  deaths 
per  thousand  births  to  the  class  3tX)-319  deaths  per  thousand  births. 
The  range  of  variation  is  even  greater  than  this  in  the  case  of  the 
distributions  for  the  colored  population.  Thus  the  27  cities  of  25,000 
and  over  for  which  the  population  was  divided  in  respect  of  color  in 
1918  show  a  range  of  variation  of  infant  mortality  from  the  class 
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These  diagrams  are  fairly  representative  at  all  the  distributions 
T9  deaths  under  one  per  thousand  births,  to  the  class  500-519  deaths 
er  one  per  thousand  births.  The  most  extreme  range  is  shown  by 
distribution  for  the  colored  population  of  rural  counties  in  1917, 
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RATL     OF     INFANT        MO>?TALITY 
Fia.  1.     Frequency  polygons  showing  TBriation  in  the  rate  of  infant  mortaJitf 
918  for  the  total  population  of   (a)   cities  of  25,0DO  and  over,  (b)   dties  of 
r  25,000,  and  (c)  rural  counties. 


re  the  distribution  extends  from  class  20-39  deaths  under  one  per 
sand  births  to  the  class  600-619  deaths  under  one  per  thousand 
13.  These  extraordinarily  large  ranges  of  variation  demonstrate  ■ 
aps  more  clearly  than  eould  be  done  in  any  other  way  the  oppor- 
ty  which  exists  for  effective  administrative  control  and  reduction 
ifant  mortality.  If  there  are  communities,  as  there  are  in  plenty, 
'ing  infant  mortality  rates  under  100  deaths  per  thousand  births, 
tggests  at  once  that  it  is  possible,  if  the  right  measures  are  sys- 
itieally  and  effectively  applied,  to  reduce  the  infant  mortality  in 
e  other  communities  showing  very  high  rates  to  something  like 
level  of  these  at  present  more  fortunate  communities. 


II 


slfr  nAYnmnt  pusl. 

2.  The  distiibatMits  are  all  i^ainlr  of  the 
"eo^d'hat"  Qrpe.  Thfwe  ja  no  evidenee  aoTwht 
diatcfiratioiia  ia^Ting  only  relatiTelf  few  ocmHui 
towards  more  than  a  nngle  mode.* 


Tia.  2.  Fieqnenej  poljgoiui  dtoiriMg  vaxiaUou  la  i 
1918  of  (a)  the  white  popnlfttion,  and  (i)  the  eolorad  pop 

3.  These  distributions  impress  anyone  who  is 
variation  curves  as  being  unusually  peaked  in  1 
mode.  In  other  words,  instead  of  presenting  a  r 
modal  region  the  tops  of  these  curves  tend  ratt 
We  shall  see  later  when  discussing  the  aoalytici 
curves  that  this  peaked  characteristic  evident  on 
out  by  the  mathematical  analysis. 

In  Table  3  are  presented  the  chief  physical  c 
tributions  of  Table  2.  These  constants  have  beei 
method  of  moments  from  the  original  raw  data.} 

*  For  the  benefit  of  readers  not  entirely  famili&r  wit! 
coluB  it  may  be  said  that  the  mode  of  a  frequency  curT< 
maximum  ordinate  of  the  curve  falls.  It  represents  the 
able"  occurrence.    Analytically,  it  is  the  point  ou  the  ctu 

t  For  a  very  brief  and  Eummarized  introduction  to  t 
treatment  of  frequency  curves  see  Pearson,  K.  (1914),  p] 
to  the  basic  literature  on  the  subject  will  be  found  there. 

1  I  am  greatly  indebted  to  my  assistants,  Mr.  Joh 
Charmian  Howell,  for  aid  in  the  arithmetical  work  of  tbia 
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erable  grouping  used  in  making  up  these  distributions,  and  also  be- 
cause they  all  exhibit  clear  evidence  of  high  contact  at  both  ends  of  the 
range,  Sheppard's  corrections  for  the  moments  have  been  used 
throughout.  In  the  case  of  the  distributions  divided  in  respect  of 
color  of  the  population  it  has  not  been  thought  advisable  to  calculate 
the  higher  analytical  constants  except  in  the  case  of  the  1917  and  1918 
rural  distributions.  In  the  other  cases  the  numbers  involved  are  too 
small  to  make  the  analytical  treatment  of  any  particular  meaning  or 
value. 

The  constants  tabled  are : 

1.  The  arithmetic  mean. 

2.  The  median.    This  measures  the  value  above  and  below  which 

exactly  half  of  the  variates  occur. 

3.  The  mode.    This  is  calculated  from  the  relation 

Mode  =  Mean  —  d, 
where, 

d  =  (T  X  sk. 

Its  significance  has  already  been  pointed  out. 

4.  The  standard  deviation  denoted  by  o-.    This  constant  measures 

in  absolute  units  the  degree  of  ** scatter''  or  variation  ex- 
hibited by  the  distribution. 

5.  The  coeflScient  of  variation.    Theoretically  this  constant,  which 

is  the  percentage  of  the  standard  deviation  in  the  mean,  has 
no  place  in  discussions  of  variation  of  rates  or  other  forms  of 
percentages.  With  this  fact  clearly  in  mind  I  have,  how- 
ever, decided  to  table  for  these  distributions  the  percentage 
which  the  standard  deviation  is  of  the  mean,  chiefly  because 
of  the  fact  that  the  mean  rates  exhibited  by  these  distribu- 
tions differ  widely,  particularly  in  the  case  of  white  and 
colored  populations,  and  it  seems  useful  to  relate  the  varia- 
tion to  the  mean  in  these  cases. 

6.  The  skewness.    This  constant  measures  the  degree  of  asymmetry 

of  a  frequency  distribution.  If  a  distribution  is  perfectly 
sjrmmetrical  on  both  sides  of  the  mean  so  that-  if  folded  over 
upon  the  mean  as  an  axis  the  two  limbs  would  exactly  coin- 
cide, the  value  of  the  skewness  is  zero.  It  has  been  calcu- 
lated in  the  present  instance  from  the  general  formula, 

2"(%-6A-9) 
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7.  The  kurtosis.    This  constant  which  in  terms  of  the  moments  has 
the  following  value 

iy  =  ^2  — 3 

measures  the  extent  to  which  a  curve  in  the  region  about  the 
mode  is  more  or  less  flat-topped  than  the  normal  or  Gaussian 
curve.  The  introduction  of  this  constant  we  owe  to  Pearson 
(1905).  Curves  on  which  the  kurtosis  has  a  negative  value 
(jSn  <  3)  are  more  flat-topped  than  the  normal  curve  and  are 
called  platykurtic,  while  those  which  are  more  peaked  than 
the  normal  curve  have  a  positive  value  of  the  kurtosis 
(i^2  >  3)  and  are  called  leptokurtic. 

From  the  data  presented  in  Table  3  the  following  points  are  to 
be  noted: 

1.  There  is  no  certainly  significant  decline  in  the  mean  value  of 
the  rate  of  infant  mortality  during  the  four  years  covered  by  these 
statistics  in  any  of  the  demographic  units  considered.  In  the  cities  of 
over  25,000  the  mean  rate  declined  during  the  years  1915,  1916,  and 
1917,  but  the  total  amount  of  this  drop  cannot  be  regarded  as  sta- 
tistically significant,  having  regard  to  the  probable  errors  involved. 
In  other  words,  the  change  from  a  mean  rate  of  104  in  1915  to  a 
mean  rat«  of  100  (99.58)  in  1917  may  easily  have  been  simply  the 
result  of  chance. 

2.  In  1918  there  was  a  general  tendency  towards  an  increase  in  the 
mean  rate  of  mortality  over  that  which  obtained  in  1917.  This  in- 
crease is  unquestionably  to  be  attributed  to  the  influenza  epidemic 
of  the  autumn  and  winter  of  1918.  A  careful  examination  of  the 
rates  by  months  will  convince  one  that  the  mortality  of  infants  in- 
creased very  materially  during  the  period  of  the  epidemic.  Whether 
this  increased  number  of  deaths  was  truly  to  be  charged  to  influenza 
does  not  concern  us  here.  The  important  fact  is  that  the  rate  of  infant 
mortality  markedly  increased  coincidently  with  the  existence  of  the 
epidemic.  In  a  number  of  cases  the  increase  in  the  mean  rate  of  1918 
over  1917  is  probably  statistically  significant  having  regard  to  the 
probable  errors  involved.  Thus  we  have  the  following  large  dif- 
ferences : 

Cities  under  25,000,  Total,  1918  mean  to  1917  mean  =  12.37  ±  2.12 
Cities  over  25,000,  White,  1918  mean  to  1917  mean  =  10.37  ±  2.84 
Caties  under  25,000,  White,  1918  mean  to  1917  mean  =  16.16  ±  5.00 
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It  is  noteworthy  that  this  increase  in  the  infant  mortality  rate  in  1918 
is  practically  confined  entirely  to  the  cities.  The  rural  counties, 
whether  for  white  or  colored  or  total  population,  show  little  or  no 
change  in  1918  as  compared  with  1917. 

3.  There  is  no  unequivocal  difference  in  the  mean  rates  of  infant 
mortality  in  the  larger  as  compared  with  the  smaller  cities.  Consider- 
ing the  largest  differences  in  mean  rates  for  total  populations  in  cities 
of  25,000  and  over,  as  compared  with  cities  of  under  25,000,  there  is 
no  difference  which  is  as  much  as  even  three  times  its  probable  error. 
This  result  that  there  is  no  marked  or  striking  difference  in  the  mean 
rate  of  infant  mortality  in  large  as  compared  with  small  cities  is  some- 
what surprising.  It  suggests  by  inference  that  when  the  matter  is 
adequately  investigated  it  will  probably  be  found  that  there  is  no 
definite  or  significant  correlation  between  the  rate  of  infant  mortality 
and  the  density  of  population  in  American  cities.  It  should  be  under- 
stood, however,  that  this  is  here  suggested  only  as  a  probable  infer- 
ence. Positive  statements  on  the  matter  cannot  be  made  until  the 
point  has  been  carefully  investigated  by  the  method  of  multiple  corre- 
lation. The  suggestion  which  these  figures  make,  however,  is  in 
accord  with  the  results  of  the  writer's  studies  (Pearl,  1919  and  1921) 
on  the  correlation  between  the  influenza  mortality  and  density  of 
population,  where  it  is  shown  that  there  is  no  sensible  net  correlation 
between  these  two  variables. 

4.  The  mean  rates  of  infant  mortality  are  notably  smaller  in  the 
rural  than  in  the  urban  areas.  This  fact  has,  of  course,  long  been 
well  known.  The  first  writer  on  vital  statistics,  in  the  sense  in  which 
we  now  understand  that  subject,  Captain  John  Graunt  (1662),  more 
than  250  years  ago  pointed  out  that  rural  communities  exhibited  gen- 
erally a  lower  rate  of  mortality  than  urban  communities.  We  are 
still  nearly  as  far  as  he  was  from  a  scientific  understanding  of  why 
this  is  so.  There  has  long  been  current  a  certain  glib  patter  of  ex- 
planation for  the  superiority  of  rural  communities  over  urban  in  rate 
of  mortality,  but  the  subject  still  awaits  careful  analytical  quantita- 
tive investigation,  which  will  measure  the  relative  influence  of  each 
one  of  the  considerable  number  of  factors  which  may  be  obviously 
directly  concerned  in  producing  this  difference.  The  difference  be- 
tween urban  and  rural  rates  of  infant  mortality  is  reflected  just  as 
clearly  in  the  high  absolute  rates  of  the  colored  population  as  it  is  in 
the  lower  rates  of  the  white  population. 

5.  The  mean  rates  of  infant  mortality  are,  roughly  speaking,  some- 
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thing  like  twice  as  high  for  the  colored  population  as  for  the  white 
population  in  each  of  the  demographic  units  considered,  and  at  all 
times.  This,  again,  is  a  fact  in  general  well  known,  but  here  we  have 
precise  figures  on  the  point,  with  probable  errors,  which  show  defi- 
nitely how  tremendously  poorer  the  negro  baby's  chances  of  surviving 
the  first  year  of  life  are  than  the  white  baby's. 

6.  The  mode  is  seen  in  every  case  but  one  (1916,  cities  over  25,000, 
total)  to  be  smaller  than  the  mean;  that  is,  to  lie  to  the  left  of  the 
mean  in  the  distribution.  The  differences  between  mean  and  mode 
are  fairly  considerable  for  most  of  the  distributions.  They  are  largest 
in  the  case  of  the  rural  colored  distributions. 

7.  The  cities  of  over  25,000  exhibit  distinctly  less  variation  in  re- 
spect of  infant  mortality  than  do  either  the  smaller  cities  (under 
25,000)  or  the  rural  counties.  This  is  true,  however  the  variation  is 
measured,  whether  absolutely,  in  terms  of  standard  deviation,  or  rela- 
tively in  percentage  terms.  The  smaller  cities  and  the  rural  counties 
exhibit  about  the  same  degree  of  variation  relative  to  their  means,  but 
absolutely,  in  terms  of  standard  deviation,  the  rural  counties  show 
less  variability  than  the  cities  under  25,000.  It  is  probable  that  in 
this  case  the  coefficient  of  variation  represents  more  truly  the  real 
biological  fact  than  the  standard  deviation.  The  colored  distributions 
exhibit  a  much  higher  degree  of  variation  in  respect  of  infant  mor- 
tality, however  measured,  whether  absolute  or  relative,  than  do  the 
white  populations.  Probably  part  of  this  greater  variation  in  the 
colored  population  arises  from  the  fact  that  these  populations  are 
absolutely  much  smaller  in  size  in  every  case  than  the  white  popula- 
tions of  the  same  communities,  and  therefore  less  likely  to  give  steady 
and  characteristic  rates.  How  much  of  the  actually  observed  varia- 
tion, however,  is  to  be  explained  in  this  way  is  at  present  undeter- 
minable. In  general,  it  may  fairly  be  assumed  that  the  greater  the 
variation  exhibited  by  a  given  class  of  the  community  in  respect  of 
infant  mortality,  the  greater  the  chance  of  effective  control  and  reduc- 
tion of  the  average  infant  mortality  by  administrative  measures. 
There  can  be  no  question  that  there  is  no  field  which  offers  so  great 
opportunities  in  this  direction  as  the  colored  population. 

8.  The  skewness  is  seen  to  be  positive  in  sign  in  every  case  but 
one.  In  that  case  (1916,  cities  over  25,000,  total)  the  skewness  is  not 
significant  in  comparison  with  its  probable  error.  With  this  excep- 
tion the  curves  tend  to  tail  off  more  gradually  and  farther  toward  the 
right  end  than  toward  the  left  end  of  the  range,  and  in  consequence. 
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as  we  have  already  seen,  the  mode  lies  to  the  left  of  the  mean.  In 
many  instances  (notably  in  the  distributions  for  the  colored  popula- 
tion of  rural  counties)  the  skewness  values  rise  to  considerable  magni- 
tudes and  may  be  regarded  as  significantly  different  from  zero,  having 
regard  to  their  probable  errors.  In  other  words,  the  rate  of  infant 
mortality  in  these  different  American  demographic  units  tends  gen- 
erally to  distribute  itself  in  a  substantially  unsymmetrical  fashion 
about  the  mean,  extremely  high  rates  occurring  more  frequently  than 
correspondingly  low  rates.  This  fact  might  perhaps  be  taken  to  indi- 
cate that  the  task  confronting  the  administrative  control  of  infant 
mortality  in  certain  communities  of  the  United  States  and  yet  to  be 
accomplished  is  even  greater  than  what  has  already  been  accom- 
plished in  the  past,  great  and  worthy  of  commendation  as  that  is. 

9.  The  kurtosis  is  seen  to  be  positive  in  sign  and  relatively  large 
in  amount  in  most  cases.  This  confirms  analytically  the  conclusion 
already  reached  from  mere  inspection,  namely,  that  the  curves  of 
variation  in  infant  mortality  are,  with  great  uniformity,  leptokurtic ; 
that  is,  more  sharply  peaked  than  the  corresponding  normal  curve 
would  be. 

10.  A  noteworthy  point  is  the  remarkable  similarity,  evident  both 
from  inspection  and  from  the  analytical  constants,  in  all  of  these 
frequency  distributions.  Evidently  infant  mortality  variation  curves 
are  of  a  quite  definitely  characteristic  and  uniform  type,  at  least  in 
this  country.  It  will  be  interesting  to  examine  similar  curves  for 
Dther  countries. 

For  the  sake  of  further  analytical  work  the  moments  and  certain 
derived  constants  from  the  longer  distributions  are  given  in  Table  4. 

It  is  of  some  interest  to  compare  the  variation  constants  here  ex- 
hibited with  those  for  other  countries.  Greenwood  and  Brown  (1912, 
p.  43)  give  means  and  standard  deviations  for  infant  mortality  rates 
for  Bavarian  communities  computed  from  the  data  of  Groth  and  Hahn 
(1910).  Taking  their  longest  series  (161  observations)  and  changing 
from  rates  per  100  living  births,  as  they  state  the  figures,  to  rates  per 
1,000  births  to  correspond  with  other  data  in  this  paper,  we  have : 

Mean  infant  mortality  rate  (1900-1904) =243.09 

Standard   deviation    =    76.42 

It  is  at  once  evident  that  these  figures  are  of  about  the  same  order 
of  magnitude  as  those  shown  in  Table  3  for  the  colored  population  of 
cities  in  the  United  States  Birth  Registration  Area.     The  percentage 
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as  we  have  already  seen,  the  mode  lies  to  the  left  of  the  mean.  In 
many  instances  (notably  in  the  distributions  for  the  colored  popula- 
tion of  rural  counties)  the  skewness  values  rise  to  considerable  magni- 
tudes and  may  be  regarded  as  significantly  different  from  zero,  having 
regard  to  their  probable  errors.  In  other  words,  the  rate  of  infant 
mortality  in  these  different  American  demographic  units  tends  gen- 
erally to  distribute  itself  in  a  substantially  unsymmetrical  fashion 
about  the  mean,  extremely  high  rates  occurring  more  frequently  than 
correspondingly  low  rates.  This  fact  might  perhaps  be  taken  to  indi- 
cate that  the  task  confronting  the  administrative  control  of  infant 
mortality  in  certain  communities  of  the  United  States  and  yet  to  be 
accomplished  is  even  greater  than  what  has  already  been  accom- 
plished in  the  past,  prreat  and  worthy  of  commendation  as  that  is. 

9.  The  kurtosis  is  seen  to  be  positive  in  sign  and  relatively  large 
in  amount  in  most  cases.  This  confirms  analytically  the  conclusion 
already  reached  from  mere  inspection,  namely,  that  the  curves  of 
variation  in  infant  mortality  are,  with  great  uniformity,  leptokurtic; 
that  is,  more  sharply  peaked  than  the  corresponding  normal  curve 
would  be. 

10.  A  noteworthy  point  is  the  remarkable  similarity,  evident  both 
from  inspection  and  from  the  analytical  constants,  in  all  of  these 
frequency  distributions.  Evidently  infant  mortality  variation  curves 
are  of  a  quite  definitely  characteristic  and  uniform  type,  at  least  in 
this  country.  It  will  be  interesting  to  examine  similar  curves  for 
Dther  countries. 

For  the  sake  of  further  analytical  work  the  moments  and  certain 
derived  constants  from  the  longer  distributions  are  given  in  Table  4. 

It  is  of  some  interest  to  compare  the  variation  constants  here  ex- 
hibited with  those  for  other  countries.  Greenwood  and  Brown  (1912, 
p.  43)  give  means  and  standard  deviations  for  infant  mortality  rates 
for  Bavarian  communities  computed  from  the  data  of  Groth  and  Hahn 
(1910).  Taking  their  longest  series  (161  observations)  and  changing 
from  rates  per  100  living  births,  as  they  state  the  figures,  to  rates  per 
1,000  births  to  correspond  with  other  data  in  this  paper,  we  have: 

Mean  infant  mortality  rate  (1900-1904) =243.09 

Standard   deviation    =    76.42 

It  is  at  once  evident  that  these  figures  are  of  about  the  same  order 
of  magnitude  as  those  shown  in  Table  3  for  the  colored  population  of 
cities  in  the  United  States  Birth  Registration  Area.     The  percentage 
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of  the  standard  deviation  in  the  mean  for  the  Bavarian  data  u  31.44 
per  cent.,  indicating  that  relatively  a>  well  a>  abaolntdy  tbs  degree 
of  variation  waa  abont  the  same  in  the  infant  mortali^  of  Hum 
Bavarian  connniiDities  twenty  years  ago  as  in  our  urban  colored  ptqm- 
lations  at  the  present  time. 


DEATHS    PLR    IPOO   BIRTHS 
Fio.  7.    Fiequenej  histogram  and  fitted  akeir  curve  for  variatioD  in  tha  tii» 
of  infant  mortality  among  negroes  in  1918  in  rural  counties  of  the  Birth  Begii- 
tration  Area. 


It  has  seemed  desirable,  in  the  ease  of  certain  of  the  distributions, 
which  may  be  fairly  considered  as  typical  representatives  of  all,  to  g" 
on  and  fit  the  appropriate  skew  frequency  corves  to  the  observationi. 
The  results  are  shown  in  Figs.  3-7. 

It  is  evident  that  the  curves  in  general  fit  closely  the  observed  facts. 
The  greatest  discrepancy  between  theory  and  observation  is  fouBd  in 
Figure  7,  the  negro  rates  for  rural  counties.  Here  the  observatioM 
are  obviously  rough,  and  probably  the  curve  given  is  as  satisfactory 
a  result  as  could  be  obtained  with  such  material. 
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The  equations  for  the  curves  are  as  follows  : 
Cities  over  25,000,  total : 

4.42M  /  ^  \22.212« 

.5155/ 
Cities  under  25,000,  total : 
(Type  VI)    y  =  8.8238  X  10^^  ( x  -  18.4653)2^^24  ^-2«.7606 

Rural  counties,  total : 
(T>T)e  VI)     y  =  9.2560  X  10^^  (a:  -  17.7766)«-«««^  ^-f^mt 
Rural  counties,,  white : 

r  rJl  "1-126407  _* 

(Type  IV)     y  =  0.005609     1  +-  ^      ^  e^sww tan-^^-^*^ 

Rural  counties,  colored: 
(Type  VI)     y  =  4.2887  X  10^^  {x  -  20.9629)3-o«27  3.-19.9804 

Conclusions. 

• 

The  facts  which  are  set  forth  in  this  paper,  being  wholly  objective, 
and  based  upon  data  which  are  in  the  aggregate  highly  accurate — 
being  simply  registered  births  as  a  whole  and  registered  deaths  under 
one  year  of  age  as  a  whole,  both  registrations  being  subject  at  every 
step  to  close  control  and  scrutiny  by  both  local  and  federal  ofScials — 
lead  to  certain  definite  and  clean-cut  conclusions,  to  wit : 

1.  Infant  mortality  rates  exhibit  a  relatively  high  degree  of  place 
variation  in  both  rural  and  urban  areas  of  the  United  States.  This 
high  variation  is  evident  upon  any  and  every  basis  of  estimation  which 
may  be  chosen,  whether  range,  standard  deviation,  or  coefficient  of 
variation. 

2.  This  great  variation  demonstrates  the  opportunity  which  still 
exists  for  effective  administrative  control  and  reduction  of  infant 
mortality. 

3.  The  distributions  of  place  variation  in  infant  mortality  are 
unimodal  for  both  urban  and  rural,  white  and  colored  populations. 

4.  There  was  no  certainly  significant  decline  in  the  mean  or  aver- 
age rate  of  infant  mortality  in  the  United  States  Birth  Registration 
Area  during  the  years  1915-18,  inclusive. 

5.  Presumably  as  a  result  of  the  influenza  epidemic  the  mean  in- 
fant mortality  rates  were  higher  (in  some  cases  significantly  so)  in 
1918  than  in  1917  in  cities.  No  such  difference  is  exhibited  by  the 
mean  rates  for  rural  areas. 
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STUDIES  ON  THE  PHYSIOLOGY  OF  REPRODUCTION 

IN  THE  DOMESTIC  FOWL 

XVni,    FURTHER  OBSERVATIONS  ON  THE  ANATOMICAL  BASIS    OF 

FECUNDITY* 

RA^-MOND  PEARL  AND  WILLIAM  FREEMAN  SCHOPPE 

TWO   FIGURES 

INTRODUCTION 

Some  eight  years  ago  one  of  us-  published  the  results  of  some 
counts  of  the  visible  oocytes  upon  the  ovaries  of  domestic  fowls. 
The  number  of  birds  dealt  with  at  that  time  was  statistically 
small;  amounting  to  but  seventeen.  The  problem  to  which 
attention  was  directed  in  this  earlier  work  was  stated  as  follows: 

''To  what  extent  are  observed  variations  in  fecundity  (i.e.,  in 
the  number  of  eggs  laid)  to  be  referred  to  anatomical  differences? 
In  other  words,  does  the  ovary  of  a  high-producing  hen,  with,  for 
example,  a  winter  record  of  from  75  to  115  eggs,  contain  a  larger 
number  of  oocytes  than  does  the  ovary  of  a  hen  which  is  a  poor 
producer,  laying  no  eggs  in  the  winter  period  and  perhaps  but 
10  or  15  eggs  in  the  year?'' 

The  purposes  of  the  present  work  were  to  extend  the  observa- 
tions to  a  larger  number  of  birds;  to  check  the  general  reliability 
of  the  results  by  getting  independent  counts  of  another  observer; 
to  get  data  on  wild  birds,  and  to  carry  out  certain  experiments 
on  ovarian  regeneration.  The  counts  of  the  present  series  will 
be  combined  with  the  earlier  data  and  the  whole  submitted  to 
certain  biometrical  treatment, 

•Papers  from  the  Department  of  Biometr>'  and  Vital  Statistics,  School  of 
Hygiene  and  Public  Health,  Johns  Hopkins  University,  no.  24. 

The  observations  on  which  this  paper  is  based  were  made  some  years  ago  at 
^he  Maine  Agricultural  Experiment  Station.  The  paper  has  been  completed  by 
t^he  senior  author. 

'Pearl,  R.  The  mode  of  inheritance  of  fecundity  in  the  domestic  fowl.  Jour. 
Exp.  Zool.,  vol.  13,  pp.  153-268, 1912. 
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In  dealing,  in  this  and  the  earUer  work  referred  to,  with  oocytes 
(dsible  to  the  unaided  eye  alone,  the  tacit  assumption  is  that  the 
lumber  of  such  visible  ova  is  correlated  to  a  high  d^ree  with 
the  undetermined — and  indeed  undeterminable — ^total  number  of 
3va  in  the  ovary*    The  work  of  von  Hanseman*  and  of  K^pdi* 
indicates  that  this  assumption  is  justified.    Occasionally  a  case 
turns  up,  as  will  be  shown  presently  m  detaU,  where  the  phydeal 
condition  of  the  bird 's  ovary  as  a  whole  greatly  raises  the  limit 
rf  oocyte  visibility,  so  to  speak.    This  cpndition,  however,  we 
lave  found  to  occur  but  once  in  nearly  forty  birds  examined  from 
:his  point  of  view.    So  far  as  concerns  the  remaind^  of  the 
counts,  we  are  convinced,  after  direct  experience  with.the  material^ 
}hat  the  ratio  between  visible  ova  and  mass  of  the  ovi^  as  a 
vhole,  and  by  inference  the  number  of  invisible  ovft,  is  normally 
I  rather  constant  one,  and  that  consequently  our  material  is  as 
lomogeneous  and  trustworthy  as  any  statistical  data  on  1^  soft 
3arts  of  animals. 

Regarding  the  method  of  counting,  the  following  may  be 
idded  to  what  was  said  in  the  earlier  paper  (loc.  cit.,  p.  296). 

The  ovaries,  when  taken  from  the  birds,  were  placed  in  a  10 
)er  cent  solution  of  formalin,  in  order  to  pi-eserve  them  untfl 
counts  could  be  made.  In  making  the  earlier  counts,  fresh 
)varies  were  at  first  used,  but  later  after  trying  various  preser- 
vatives it  was  concluded  that  the  use  of  formalin  was  most  satis- 
actory,  as  it  preserved  the  ovaries  in  perfect  condition  and  made 
!ounting  possible  at  any  time. 

The  functioning  ovary  when  taken  from  the  bird  closely 
esembles  a  bunch  of  grapes.  It  is  made  up  of  a  large  numberof 
oocytes  held  together  by  connective  tissue,  joined  to  a  heavy 
talk  by  which  they  are  held  in  place  in  the  body. 

The  oocytes  are  of  various  sizes,  and  for  convenience  in  count- 
ng  four  divisions  were  made :  a)  follicles  from  which  the  ova  have 
)cen  discharged;  b)  oocytes  over  1  cm.  in  diameter;  c)  those  over 
mm.  and  less  than  1  cm.;  d)  those  less  than  1  mm. 

'Hansemann,  D.  Ueber  den  Karapf  der  Eier  in  den  Ovarien.  Arch.  f.  Ent* 
icklungsmeoh.,  1912,  Bd.  35,  8.  223-235,  1  pi. 

*Kappeli,  I.  Beitragezur  Anatomic  und  Physiologic  der  Ovarien  von  wiW- 
ibenden  und  gczjihmten  Wiederkauem  und  Schweinen.  Bern,  1008,  K.  J- 
iyss.    7S  pp.,  5  tab.,  6  pi. 


REPRODUCTION  IN   DOMESTIC   FOWL  103 

Since  the  first  class  indicates  the  number  of  discharged  ova,  it 
theoretically  ought  to  conform  closely  with  the  total  number  of 
^gs  laid.  However,  as  the  foUicles  are  being  constantly  ab- 
sorbed they  eventually  reach  a  stage  where  it  is  difficult  to  deter- 
mine positively  if  they  are  follicles  or  parts  of  connective  tissue. 
It  was  practically  impossible  to  measure  every  oocyte,  conse- 
quently the  last  three  divisions  are  approximate,  but  conform 
very  closely,  since,  if  there  was  any  doubt,  the  oocyte  was 
measured. 

In  making  the  counts  small  pieces  of  the  ovary  were  separated, 
placed  in  a  dish  of  water,  and  teased  apart  in  order  to  distinguish 
the  ova.  Only  such  ova  were  counted  as  could  be  seen  with 
the  unaided  eye.  A  low-power  dissecting  lens  was  used  in  this 
work,  not  to  find  more  ova,  but  to  assist  in  more  readily  and 
accurately  counting  those  that  could  be  seen. 

DATA 

In  table  1  are  collected  together  all  the  data  collected  at  the 
Maine  Station  on  the  number  of  visible  oocytes  in  the  ovaries 
of  birds,  including  the  counts  of  the  earher  paper  as  well  as  those 
of  the  present  investigation.  The  old  counts  are  designated  by 
asterisks.  Within  each  breed  the  birds  are  arranged  in  descend- 
ing order  of  total  number  of  visible  oocytes. 

A  word  should  be  said  concerning  cases  25, 26, 27  and  28.  The 
two  Pekin  ducks  were  both  in  a  healthy  condition  and  ovaries 
were  apparently  functioning.  In  the  case  of  no.  26  this  was 
certain,  since  an  egg  was  found  in  the  utems.  In  case  of  no.  28^ 
a  Toulouse  goose,  the  ovary  seemed  to  be  in  a  very  unhealthy 
condition,  as  all  the  larger  and  some  of  the  smaller  oocytes  were 
being  absorbed.  The  tissue  was  very  tender  and  several  oocytes 
were  broken  in  removing  the  ovary  from  the  body  and  in  placing 
it  in  the  preservative,  so  that  although  the  ovary  is  credited  with 
two  follicles  it  is  doubtful  if  the  bird  ever  laid  an  egg. 

Case  no.  27,  a  young  goose,  hatched  in  the  spring  of  1912, 
proved  a  very  desirable  bird.  She  had  a  large  ovary  (199  grams) 
in  a  very  active  stage  of  production.  An  egg  was  foimd  in  the 
oviduct.  The  eleven  oocytes  over  1  cm.  in  diameter  ranged  in 
weight  from  2  to  32  grams.     The  five  largest  weighed  32,  31.5, 
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27,  23.5  and  21  grams.  The  last  six  weighed  14,  12.7,  12,  8, 
3.5;  and.  2  grams,  and  seemed  to  constitute  a  series  whidi  eom- 
sided  closely  with  weights  taken  of  the  larger  oocytes  in  faeoa 

Theoretically,  the  number  of  discharged  follicles  and  the  total 
number  of  eggs  laid  should  agree.  ActuaUy,  this  condition  is 
never  absolutely  realized  in  the  counts.  In  some  cases  it  wiD 
be  found  that  the  count  of  follicles  is  greater  than  the  total  egff 
laid.  This  can  be  accounted  for  in  four  ways:  a)  the  bird  may 
iiave  laid  while  still  on  the  range  or  before  she  was  put  in  tf^ 
lajring  house;  6)  eggs  may  have  been  laid  on  the  floor  before  the 
birds  became  accustomed  to  using  the  nests;  c)  some  of  the  yolks 
[nay  have  missed  the  oviduct,  being  deposited  in  the  body  cavity, 
md  eventually  absorbed;  d)  in  some  cases  pieces  of  projectiiig 
connective  tissue  may  have  been  mistaken  for  a  follicle  in  making 
^e  counts.  In  other  cases  it  will  be  seen  that  the  eggs  hid 
sxceeded  the  number  of  follicles  found.  This  is  directly  doe  to 
lot  being  able  to  distinguish  the  follicles  after  th^  had  become 
learlyor  completely  ai>8orbed. 

In  addition  to  the  thirty-five  counts  listed  in  table  1,  the  oo- 
cytes of  one  other  Fi  cross-bred  bird  were  counted  on  a  aomewliat 
Merent  plan.  The  ovary  presented  an  extaracxrdinary  discsrete- 
less  of  separation  of  even  minute  oScytes.  In  this  case  a  low- 
30wer  dissecting  lens  was  used  in  the  counting,  and  all  oocytes 
¥ere  enumerated  which  could  be  counted  with  the  aid  of  the  lens, 
rhe  results  were  as  follows : 

Case  No.  36 

Lens  aided  count 

Fi  crossbred 

Hatched  April  21,  1911 
Killed  June  14,  1912 
Total  eggs  laid  =  69 
Winter  production  =  46 
Discharged  follicles  =  29 
Oocytes  >  1  cm.  =  2 
Oocytes  1  mm.  to  1  cm.  =  80 
Oocytes  <  1  mm.  =  13,365 
Total  oocytes  =  13,476 
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This  case  shows  the  enormous  difference  which  the  physical 
construction  of  the  ovary  may  make  in  the  number  of  visible 
oocytes  in  exceptional  cases.  Since  this  condition  has  been  seen 
but  this  once  in  many  hundreds  of  fowl  ovaries  examined,  it 
caimot  be  considered  in  any  way  to  invalidate  the  counts  of  normal 
ovaries  (in  the  sense  of  visibility  of  oocytes)  given  in  table  1. 
►;;_With  the  data  before  us,  we  may  proceed  to  their  biometrical 
analysis  along  certain  lines. 

TABLE  2 

Constants  deduced  from  table  1 


BRESD  OR  SPECIES 


White  Leghorn  fowls 

Fi  Croea-bred  fowls 

Barrsd  Fl3rmouth  Rock  fowls 

All  fowls  counted 

Toulouse  geese 

Fekin  ducks 

All  domestic  water-fowl  counted 

Guinea-hens 

Crows 

Kingbirds 

All  wild  birds  counted 

All  wild  birds  and  guinea-hens  . 


MEAN  NUMBER 

or  VISIBLE 

OOCTTES 

STANDARD 
DEVIATION 

CORPnCISMT 
or  VARIATION 

2476 

705 

28.5 

2415 

274 

11.4 

1615 

433 

26.8 

1906 

615  . 

32.3 

1489 

432 

29.0 

1068 

129 

12.1 

1279 

382 

29.9 

676 

90 

13.3 

764 

44 

5.8 

376 

129 

34.3 

504 

235 

46.7 

553 

219 

39.6 

BREED  AND  SPECIES  COMPARISONS 

The  first  point  for  consideration  is  the  relation  of  the  number  of 
visible  oocytes  to  laying  capacity  in  the  different  breeds.  It  is 
evident  enough  from  simple  inspection  of  table  1  that  there  is 
no  correlation  among  individual  fowls  between  visible  oocytes 
and  egg  production.  The  case  may,  however,  be  different  when 
the  comparison  is  made  between  breeds.  As  a  necessary 
preliminary  to  the  discussion  of  this  point,  table  2  is  presented, 
containing  the  required  biometric  constants. 
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It  is  evident  from  table  2  that,  considering  broad  catteries, 
the  mean  number  of  visible  oocytes  falls  in  the  same  order  as 
the  normal  egg  production  of  the  kind  of  bird  concerned.  The 
domestic  fowls  stand  at  the  head  of  the  birds  considered  in 
respect  of  fecundity  and  also  in  number  of  visible  oocjrtes.  The 
wild  birds  (including  the  guinea-hens)  stand  at  the  bottom  of  the 
list  in  both  respects,  while  the  domestic  water-fowl  occupy  an 
intermediate  position  in  both  respects.  The  guinea-fowls  are 
included  in  the  average  with  wild  birds  for  the  reason  that  in  its 
reproductive  activities  this  creature  behaves  in  all  essentials 
like  a  wild  bird.  It  refuses  to  lay  except  in  a  hidden  nest  of  its 
own  choosing,  and  lays  in  the  course  of  a  year  a  single  clutch 
of  not  more  than  fourteen  to  sixteen  eggs.* 


MEAN     NUMBER     OF     VISIBLE      OdCYTES 


POMCSTtC 
FOWL 


DOMCSnC 
W^TEPrOWL 


W/LO 
BIRDS 


^04- 


Fig.  1  Showing  average  number  of  visible  oocytes  on  oxsiry  of,  a)  domestic 
fowl,  6)  domestic  waterfowl,  and,  c)  wild  birds. 

The  relations  of  the  three  group  averages  discussed  are  shown 
graphically  in  figure  1. 

It  is  of  interest  to  note  the  considerably  higher  average  number 
of  visible  oocytes  in  the  Fi  cross-breds  than  in  the  pure  Barred 
Plymouth  Rocks.  All  of  these  cross-breds  were  genetically 
half  Barred  Plymouth  Rock,  of  the  same  strain  as  the  pure-bred 
birds  furnishing  the  counts  and  half  from  some  other  breed  of 
lower  fecundity  than  the  Barred  Rocks.  The  fact  that  the 
Fi  birds  show  a  relatively  high  ovarian  count,  roughly  20  per 
cent  higher  than  the  average  of  the  more  fecund  parent  strain, 


*  These  statements  apply,  from  personal  observation,  certainly  to  the  strain 
of  guinea-fowls  from  which  the  birds  here  counted  came. 
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suggests  that  we  may  have  here  a  result  due  to  heterosis,  of  the 
same  sort  essentially  as  those  which  have  been  observed  partic- 
ularly by  East*  in  plants. 

The  coefficients  of  variation  for  these  ovarian  counts  fall,  in 
the  longer  and  hence  more  reliable  series,  in  the  neighborhood  of 
a  value  of  30  per  cent.  This  is  about  the  value  found  for  the 
relative  variabiUty  of  a  number  of  physiological  characters, 
particularly  fecundity  of  the  domestic  fowl  as  measured  by 
annual  egg  production.^ 

RELATION  OF  OOCYTE  NUMBER  TO  AGE 

It  is  a  well-known  fact  that  in  the  domestic  fowl  egg  production 
rapidly  diminishes  after  the  first  year  or  in  some  breeds  such  as 
the  Leghorns  the  first  two  years  of  life.  Fowls  may  live,  for  a 
considerable  number  of  years,  but  generally  after  the  early  years 
they  lay  no  eggs  at  all,  or  at  most  one  small  clutch  in  the  spring. 

In  the  case  of  Barred  Plymouth  Rocks,  of  the  Maine  Station 
strain,  egg  production  usually  practically  ceases  after  the  bird  is 
two  years  old.  It  is  commonly  assumed  that  this  cessation  or 
great  reduction  in  fecundity  with  age  is  due  to  atrophic  processes 
in  the  ovary.  It  is,  on  this  account,  of  interest  to  see  in  what 
manner  the  counts  of  visible  oocjrtes  change  with  age. 

Unfortunately,  the  material  in  which  the  point  can  be  tested 
is  meager.  The  Barred  Plymouth  Rocks  constitute  the  only 
group  sufficiently  large,  and  there  is  a  highly  uneven  distribution 
by  age.  Of  the  thirteen  birds,  nine  were  under  one  year  of  age 
when  killed,  one  was  between  one  and  two,  two  between  two  and 
three,  and  one  between  three  and  four.  It  will  be  worth  while, 
however,  to  see  what  this  admittedly  meager  material  shows. 
The  data  are  exhibited  in  table  3  and  graphically  in  figure  2. 

In  so  far  as  the  data  may  be  trusted  as  fairly  representative 
of  what  generally  occurs,  they  indicate  that  the  number  of  visible 
oocytes  increases  with  age,  within  the  age  Umits  of  the  observa- 

*Cf.  East,  E.  M.,  and  Jones,  D.  F.     Inbreeding  and  outbreeding.    1919. 

^Cf.  Pearl,  R.,  and  Surface,  F.  M.  A  biometrical  study  in  egg  production  in 
the  domestic  fowl.  I.  Variation  in  annual  egg  production.  U.  S.  Dept.  of  Agric, 
Bur.  of  An.  Ind.  Bull.  110,  Part  I. 
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tioDs.  Apparently  what  happens  in  the  ovary  of  the  fowl  after 
the  bird  reaches  lajring  age  is  that  ova  are  constantly  migrating 
to  the  surface  and  developing  thereon  up  to  something  under  1 
mm.  in  diameter.    Of  these  a  much  smaller  number  continue 


TABLES 

Mean  number  of  vieible  oOeytes  in  Barred  Plynundh  Bocks  of  different  «fn 


▲QB  CLAW  IN  TBABS 

MBANAOBOr 

OBOUP  IB  If  oimn 

'     BUMBBB  or  BBSS 

Tmauioflcmi 

Under  1 

1  to  1.9 

2  to  2.9 

3  to  3.9 

9.48 
15 

29.25 
37 

• 

9 
1 
2 

1 

1602 
1521 
1829 
2299 

£400.  1 — 


ZOOO 


/600 


/ZOO      — 


600 


<   4O0 


6  12.  18  ^A  30 

MEAN   AGE    IN    MONTHS 

Fig.  2    Showing  the  change  in  mean  number  of  vbible  oocytes  with  advancing 
age  in  Barred  Plymouth  Rocks. 

their  growth  and  are  finally  laid.  Since  the  number  developing 
up  to  the  1-mm.  size,  however,  always  greatly  exceeds  in  any 
given  time  unit  the  number  developing  farther  to  laying  size,  and 
since  this  disproportion  may  be  reasonably  assumed  to  become 
progressively  greater  as  laying  activity  diminishes,  which  it  is 
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known  to  do  with  advancing  age,  and  since,  as  table  1  shows,  the 
small  oocytes  under  1  mm.  in  diameter  make  up  the  vast  majority 
of  all  those  visible,  it  follows  that  we  should  expect  to  find  more 
and  more  visible  oocytes  as  age  advances  up  to  an  asymptote 
which  represents  the  complete  cessation  of  all  ovarian  activity. 
Presumably,  the  oldest  of  the  birds  here  counted  was  not  old 
enough  to  have  reached  this  condition  of  complete  ovarian  rest. 
Our  general  knowledge  of  ovarian  functioning  in  fowls,  from 
personal  observation,  would  lead  to  this  last  conclusion  as  well 
as  the  form  of  the  curve  in  figure  2. 

Probably  the  complete  curve  for  visible  oocjrtes  on  an  age  base, 
if  we  had  data  to  plot  it,  would  be  of  the  shape  of  a  flattened  S, 
with  an  upper  asymptote,  representing  complete  ovarian  rest, 
and  a  lower  zero  asymptote  representing  no  visible  oocytes  at  an 
early  age.  This  is  a  form  of  curve  which  has  been  found  to 
represent  growth  phenomena  of  various  sorts.* 

EXPERIMENTS  ON  OVARIAN  REGENERATION 

It  is  weU  known  that  the  ovary  in  birds  is  an  organ  that  re- 
generates  readily  and  freely  after  injury.  Indeed,  this  fact  con- 
stitutes one  of  the  chief  technical  difficulties  in  making  a  complete 
and  permanent  castration  of  female  birds.  At  the  same  time  it 
has  been  held  as  a  basic  biological  doctrine  that  during  the  life 
of  the  individual  there  neither  is  nor  can  be  any  increase  in  the 
number  of  primary  oocytes  beyond  those  originally  laid  down 
when  the  ovary  is  formed.  It  occurred  to  us  to  make  a  quantita- 
tive study  of  visible  oocytes  in  regenerated  fowls '  ovaries  to  deter- 
mine to  what  extent  an  increase  could  be  brought  about  in  the 
number  of  primary  oocytes  which  develop  to  visible  size  at  the 

■Robertson,  T.  Brailsford.  On  the  nonnal  rate  of  growth  of  an  individual 
and  its  biochemical  significance.  Arch,  fiir  Entwickelungsmechanik  der  Organ- 
iamen,  Bd.  25,  S.  581-514. 

Robertson,  T.  Brailsford.  Further  remarks  on  the  normal  rate  of  growth 
of  an  individual,  and  its  biochemical  significance.  Arch.  fUr  Entwickelungs- 
mechanik der  Organismen,  Bd.  26,  S.  lOS-118. 

Pearl,  R.,  and  Reed,  Lowell  J.  On  the  rate  of  growth  of  the  population  of  the 
United  States  since  1790  and  its  mathematical  representation.  Proc.  Nat.  Acad. 
Sci.,  vol.  6,  no.  6,  1920. 
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surface  of  the  ovary.  Other  experiments  had 
inducing  regeneration  of  the  ovary  a  bird  could 
more  eggs  than  she  would  have  had  there  be 
with  the  ovary.  The  present  experiments  w€ 
a  quantitative  test  of  this  suggested  result. 

Eight  birds  were  used  in  the  experiments, : 
outh  Rocks  and  four  Cornish  Indian  Games 
protocols  follow: 

Bird  no.  9017,  operation  131.  Bird  in  fin< 
yolks  being  absorbed;  about  five-sixths  of  th 
with  almost  no  loss  of  blood. 

Bird  no.  9030,  operation  129.  Bird  not  in 
Lai^est  yolk  about  8  mm.  in  diameter.  Ovar; 
condition:  about  two-thirds  was  removed. 

Bird  no.   9026,   operation   128.    Bird  in 
large  yolks  present;  one-half  of  ovary  removed, 
siderable  bleeding. 

Bird  no.  9022,  op>eration  127.  Bird  in  nearl; 
but  had  stopped  temporarily.  Large  yolks 
of  ovary  removed.    There  was  considerable  ble 

Bird  no.  9018,  operation  125.  Bird  apj 
Ovary  in  very  bad  condition.  Large  number  ( 
and  yolk  tumors.  Evidently  septic  condition, 
surface  was  thick  and  opaque.  Removed  lar 
and  all  tumors.     There  was  considerable  bleedi 

Bird  no.  9023,  operation  123.  Bird  in  h 
Ovary  not  in  laying  condition;  about  two-third 

Bird  no.  9019,  operation  126.  Bird  in  h 
Ovary  healthy,  but  in  a  non-laying  conditio 
removed  than  in  either  127,  125,  or  123. 

The  pieces  of  removed  ovary  were  placed  in  fo 
later  made. 

It  was  the  original  intention  to  keep  these  bi 
all  started  to  lay,  but  this  was  found  impossil 
of  time.  As  it  was,  half  of  the  birds  had  sta: 
was  only  a  question  of  time  before  the  others 
all  the  ovaries  were  in  a  \ery  healthj'  condition 
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Bird  no.  9017  was  the  only  one  that  died.  An  autopsy  showed 
that  the  ovary  was  in  an  apparently  normal  condition.  There 
were  three  absorbing  yolks.  The  oviduct  was  normal,  and  as 
the  bird  had  been  laying  her  death  could  not  be  attributed  to 
the  operation. 

Bird  no.  9030  was  killed  to  secure  the  ovary.  The  autopsy 
showed  her  to  be  in  a  very  healthy  condition.  There  were  four 
large  normal  yolks  in  the  ovary  and  one  absorbing  yolk.  There 
was  also  an  egg  in  the  oviduct. 

Bird  no.  9026,  killed  to  secure  ovary.  She  was  in  a  normal 
healthy  condition.  There  were  three  large  yolks  in  the  ovary 
and  an  egg  in  the  oviduct.  Ovary  of  fair  size,  but  not  as  large 
as  in  a  normal  bird. 

Although  bird  no.  9022  had  not  laid,  she  was  killed.  It  was 
found  that  the  ovary  was  in  a  laying  condition,  containing  five 
large  yolks.  Several  yolks  were  found  in  the  body  cavity  sur- 
rounded by  adhesions.  •  There  was  no  apparent  reason  for  this, 
as  the  oviduct  seemed  to  be  normal.  The  funnel  was  in  its  normal 
position  and  was  not  injured. 

Bird  no.  9018.  It  will  be  recalled  that  at  the  time  of  the  opera- 
tion this  bird  had  a  very  bad  ovary,  containing  several  absorbing 
yolks  and  yolk  tumors.  When  killed,  although  she  had  not  laid, 
it  was  found  that  the  ovary  had  several  enlarging  yolks  and  that 
the  oviduct  was  enlarging.  There  were  no  tumors  or  septic 
tissue.     Evidently  the  operation  had  a  beneficial  effect. 

Bird  no.  9023  was  the  only  one  whose  ovary  showed  no  apparent 
growth.  Both  the  ovary  and  oviduct  were  in  a  healthy  condition, 
but  small. 

The  two  days  preceding  the  day  on  which  bird  no.  9019  was 
killed  she  layed.  Her  ovary  was  found  to  contain  two  large 
normal  yolks  and  one  absorbing  yolk. 

Bird  no.  .9025  did  not  lay;  when  killed  the  ovary  was  found  to 
be  healthy.     It  was  enlarging,  as  was  also  the  oviduct. 

Counts  w^ere  made  in  the  usual  way  of  a)  visible  oocytes  on 
the  portion  of  ovary  removed  at  the  original  operation  and,  b) 
visible  oocjrtes  on  the  regenerated  ovary  at  the  death  of  the  bird. 

The  results  of  these  counts  together  with  other  pertinent  data 
are  given  in  tables  4  and  5. 
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The  data  of  tables  4  and  5  are  brought  togetl 
in  table  6,  which  gives  in  sum  the  total  oocytes 


Shotmng  number  of  vitibh  oSei/tet  in 

part  of  ovary 

rem 

operation 

? 

5 

u 

£ 

z 

■= 

5 

i 

f 

5 

S^ 

F 

|Sl 

h 

9017 

B,  P,  R. 

3/30/n 

9/I2/I2 

124 

26 

7 

9030 

B.  P.  R. 

3/10/11 

9/12/12 

125 

7 

I 

9026 

B.  P.  R. 

4/  1/11 

9/12/12 

125 

29 

4 

9022 

B.  P.  R. 

3/29/10 

9/12/12 

79 

17 

1 

9018 

C.  I.  G. 

5/19/10 

9/10/12 

42 

14 

1 

9023 

C.  I.  G. 

fl/  2/10 

9/10/12 

35 

16 

0 

9019 

C.  1.  G. 

3/31/10 

9/10/12 

26 

9 

0 

9025 

C.  I.  G. 

4/  1/10 

9/10/12 

31 

12 

0 

TABLE  B 

Skoioing  numfcer  of  iritible  oOcyle*  in  ovary  of  operaUa 
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25 

9 
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0 
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0 
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4/  3/13 
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4/  1/lS 

2 

7 

9025 

C.    I.  G. 

1/  1/10 

4/  3/13 

9/10/12 

0 

2 

From  table  6  it  is  seen  that  in  all  cases  exc 
9018)  the  number  of  visible  oocytes  on  the  pi 
smaller  than  the  number  found  on  the  regei 
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1333 

197 

1435 

1654 

g02G 

B. 

P.  R 

4/  l/ll 

3/31/13 

9/12/12 

3/27/13 

125 
2 

29 
11 

67 
100 

623 
1435 

723 
1551 

Total 

127 

40 

167 

205S 

2274 

0022 

B. 

P.  R 

3/29/10 

1/  2/13 

9/12/12 

79 

17 

1 

109 

98 

476 
977 

603 
1083 

Total 

70 

18 

8 

207 

1453 

1K86 

gois 

C. 

I.  G 

6/19/10 

4/  3/13 

9/10/12 

Total 

42 

42 

14 

14 

7 
2 

9 

97 
92 

1131 
936 

1249 
1030 

189 

2067 

2279 

S023 

C. 

I.  G. 

6/  2/10 

4/  3/13 

9/10/12 

Total 

35 
35 

16 

16 

77 
73 

701 
1125 

794 
119S 

150 

1826 

1S92 

0019 

C. 

1.  G. 

3/  3/10 

4/  3/13 

9/10/12 

4/  1/13 

26 

2 

9 

7 

3 

102 
120 

1265 
i977 

1376 
2107 

Total 

28 

16 

3 

222 

3242 

3483 

W2S 

C. 

I.  G. 

i/  I/IO 

4/  3/13 

a/10/12 

Total 

31 
31 

12 
2 

14 

1 

1 

140 

177 

780 
1578 

932 
1758 

317 

2358 

2690 
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death,  as  would  be  expected.  The  operation  protocol  on  bird 
no.  9018  shows  that  the  ovary  was  m  a  diseased  condition  at 
the  time  of  operation,  but  at  the  time  of  killing  the  ovary  was 
in  normal  condition.  The  protocol  states  that  a  '*  large  part  of 
ovary  was  removed."  So  far  as  could  be  estimated,  a  larger 
portion  of  the  ovary  was  removed  at  operation  in  this  case  than  in 
any  other,  with  the  possible  exception  of  9017. 

In  order  to  make  clearer  comparisons,  table  7  has  been  calcu- 
lated from  the  data  of  table  6. 

TABLE? 

Constanta  from  regeneration  experiments 


• 

TOTAX.  VZ8IBUB  OOCTTKS 

GROUP 

Mean 

Standanl 
deviation 

Coeffidnt 

o! 
vBiiatioB 

Portion  removed — Barred  Plymouth  Rocks 

Regenerated  ovary — Barred  Plymouth  Rocks 

Total — Barred  Plymouth  Rocks 

663  d=    83 
14S7  zh  110 
2150  db  183 
1615  zh    81 
1088  zh    79 
1523  zh  146 
2611  zt  189 
1650» 

246 
328 
543 
433 
234 
432 
561 

37.1 
22.1 
25.2 

Normal  Barred  Plymouth  Rocks  (ex.  table  2) . . . 

Portion  removed — Cornish  Indian  Game 

Regenerated  ovary — Cornish  Indian  Game 

Total 

26.8 
21.0 
28.3 
21  5 

Normal  Cornish  Indian  Game  (ex.  table  2) 

*  One  case  only. 

From  these  data  a  number  of  points  of  interest  appear.  In 
the  first  place,  it  is  evident  that  the  nmnber  of  visible  oocytes 
on  the  regenerated  ovaries  is  substantially  the  same  as  the  mean 
number  on  the  normal  unoperated  ovary  of  the  same  breed.  In 
the  case  of  the  Barred  Rocks  the  difference  is  1615  — 1487  =  128, 
an  obviously  insignificant  difference.  In  the  Cornish  Indian 
Games  the  difference  is  even  smaller,  amounting  to  1550  — 1523  = 
27.  In  the  latter  case  we  have,  unfortunately,  only  a  single  nor- 
mal count,  rather  than  a  normal  mean. 

If  we  add  to  the  number  of  oocytes  found  upon  the  regenerated 
ovary  those  upon  the  piece  removed  at  operation  to  get  the  total 
number  of  visible  oocytes  the  bird  produced  in  its  life,  we  get  a 
considerable  excess  over  the  number  produced  by  normal  un- 
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operated  ovaries  of  the  same  bird.  This  excess  amounts  in  the 
case  of  the  Barred  Rocks  to  2150  —  1615  =  535,  an  increase  of 
33  per  cent  in  operated  over  normal,  and  in  the  case  of  the  Cor- 
nish Indian  Games  to  2611  —1550  =  1061,  an  increase  of  68  per 
cent  in  operated  over  normal.  The  excess  shown  by  the  Barred 
Rocks  can  hardly  be  regarded  as  statistically  significant,  on  the 
basis  of  the  present  short  series.  The  fact,  however,  that  both 
breeds  show  such  a  consistent  set  of  results  throughout  is  evi- 
dence that  with  a  longer  Barred  Rock  series  we  should  get  essen- 
tially the  same  result  as  with  the  present  one  and  with  suffi- 
ciently reduced  probable  errors  to  make  the  diflference  statis- 
tically significant.  A  fair  and  instructive  comparison  can  be 
made  by  lumping  together  the  Barred  Rock  and  Game  operated 
series,  and  putting  the  mean  total  number  of  visible  oocytes 
produced  durmg  life  against  the  mean  total  number  produced  by 
all  normal  unoperated  fowl,  excluding  the  White  Leghorns, 
since  our  previous  results  show  that  this  breed  has  evidently 
as  a  breed  character  a  distinctly  larger  number  of  visible  oocytes 
than  any  of  the  other  breeds  dealt  with.    On  this  basis  we  have: 

Mean  total  visible  odcytes  produced  during  life  by  eight 

operated  birds 2381±143 

Mean  total  visible  oocytes  produced  during  life  by  twenty 

normal  birds. .  .* 1793±  79 

Difference 588±163 

Here  we  see  that  the  difference  is  3.6  times  its  probable  error, 
and  hence  to  be  regarded  as  almost  certainly  statistically 
significant. 

Altogether  it  is  believed  that  we  may  safely  conclude  that  by 
inducing  by  operative  means  ovarian  regeneration  in  the  domestic 
fowl  the  total  number  of  primary  oocytes  which  develop  to  visible 
size  is  significantly  increased. 

Following  these  experiments  the  senior  author  undertook  much 
more  extensive  work  on  repeated  ovarian  regeneration.  In  a 
series  of  birds  of  known  and  highly  interesting  genetic  constitu- 
tion (F2  birds  of  a  carefully  studied  cross)  a  considerable  portion 
of  the  ovary  was  removed  each  autiunn  for  foiu*  years.  The 
laying  record  was  kept  over  this  long  period,  and  also  careful 
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record  made  of  the  chicks  which  developed  from  oocytes  pro- 
duced by  these  regenerated  ovaries.  Unfortunately,  all  the 
records  of  this  experiment  were  lately  destroyed  by  fire,  and 
hence  cannot  be  reported.  The  writer  regarded  this  experiment 
as  perhaps  the  most  interesting  and  fundamentally  significant 
for  the  problem  of  genetics  of  any  of  his  work,  with  poultry.  Men- 
tion is  made  of  the  matter  here  in  the  thought  that  possibly  some 
one  so  situated  as  to  be  able  to  carry  on  work  of  this  sort,  which 
the  writer  no  longer  is,  may  care  to  repeat  the  work. 

SUMMARY 

The  chief  results  of  this  work  may  be  stated  as  follows: 

1 .  Detailed  coimts  are  given  of  the  number  of  visible  oocytes 
on  the  ovaries  of  thirty-six  birds,  including  various  breeds  of 
domestic  fowls,  water-fowl,  and  wild  birds. 

2.  In  general  the  mean  number  of  visible  oocytes  on  the  ovaries 
of  diflferent  kinds  of  birds  reflects  the  normal  fecundity  or  laying 
activity  of  the  same  kmds  of  birds.  This  relation  does  not  hold 
with  any  exactitude  or  regularity  for  differences  in  fecundity 
between  individual  birds. 

3.  In  Barred  Plymouth  Rock  fowls  the  number  of  visible 
oocytes  increases  with  advancing  age  of  the  bird,  within  the  age 
limits  of  six  months  and  thirty-seven  months.  The  probable 
explanation  of  this  phenomenon  is  given. 

4.  By  removing  a  portion  of  the  ovary  and  causing  it  to 
regenerate,  the  total  number  of  oocytes  developing  to  visible 
size  in  the  lifetime  of  the  bird  is  caused  to  increase  from  33  to 
68  per  cent  over  the  number  which  develop  in  the  normal,  unop- 
erated  bird.    This  increase  is  shown  to  be  statistically  significant. 
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1. 

The  GENERAii  Pboblbh  op  BLacial  Amausauath&k, 

Science  tries  ever  to  peer  into  the  future.  Beasoning  from  the  solid 
basis  of  human  experience  in  general,  that  like  antecedents  are  fol- 
lowed by  like  consequences,  it  is  the  constant  asdeavor  of  seienee  so  to 

formulate,  classify  and  codify  the  relations  which  have  in  the  past 
subsisted  between  antecedents  and  consequences  as  to  be  able  to  pick 
out  the  sets  which  show  the  maximum  degree  of  constancy,  with  the 
thought  that  then  the  future  may  be  predicted,  if  not  with  absolute 
certainty,  at  least  with  a  high  degree  of  probability.  Nowhere  is  the 
desire  to  estimate  what  the  future  has  in  store  stronger  than  in  the 
case  of  matters  relating  directly  to  human  actions,  emotions  and 
thoughts.  We  know  that  we  are  on  our  way.  But  where  are  we 
going? 

This  general  interest  of  man  in  his  future  social,  physical,  and 
mental  evolution  crystallizes  in  a  specific  way  for  us  here  and  now 
in  the  problem  of  the  future  of  American  civilization.  That  magnifi- 
cent experiment  in  human  evolution  which  is  called  the  United  States 

*  Papers  from  the  Department  of  Biometry  and  Vital  Statistics,  Sehool  of 
Hygiene  and  Public  Health,  The  Johns  Hopkins  University,  No.  43. 

This  investigation  was  made,  and  the  paper  prepared  at  the  request  and 
with  the  financial  aid  of  the  Society  of  American  Peoples  of  New  York. 
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of  America  has,  from  its  beginning,  been  at  once  the  embodiment  of 
the  loftiest  hope  and  the  deep  despair  of  different  groups  of  people. 
In  theory  it  has  always  offered  what  is  perhaps  the  greatest  boon 
intelligent  human  beings  ever  crave,  equality  of  opportunity. 

The  ideal  of  freedom  of  opportunity  has  probably  been  as  con- 
sistently maintained  in  fact,  as  would  in  any  case  be  possible,  human 
nature  being  what  it  is.  Our  gates  have  been  open,  with  some  slight 
and  on  the  whole  insignificant  exceptions,  to  all  and  sundry.  Qood, 
bad  and  indifferent  people  have  been  free  to  settle  here,  and  have 
made  the  fullest  use  of  the  freedom.  Meantime  the  country  has 
prospered  mightily  in  material  ways,  and  not  insignificantly  in  things 
of  the  spirit,  such  cheerful  pessimists  as  Mr.  Mencken  to  the  contrary 
notwithstanding.  What  vexes  the  mind  is  the  consideration  of  the 
question  as  to  whether  the  abounding  blessings  which  on  the  whole 
have  associated  themselves  with  our  country  have  appeared  because 
of,  or  in  spite  of,  the  nearly  complete  abandon  with  which  all  kinds 
of  people  have  been  permitted,  indeed  encouraged,  to  join  in  the 
enterprise.  According  to  one's  views  as  to  the  answer  to  this  question 
he  is  either  fairly  satisfied  or  somewhat  disturbed  as  he  looks  towards 
the  future. 

The  essential  problem  with  which  the  present  discussion  has  to 
do  is  that  of  the  racial  composition,  and  biostatistical  characteristics  in 
general,  of  the  probable  future  population  of  this  country.  Our  judg- 
mtent  on  this  problem  must  be  determined  by  a  careful  examination  of 
what  has  happened  in  the  past  together  with  what  is  now  going  on. 

Our  problem  is  purposely  stated  in  this  way  to  emphasize  the 
fact  that  basically  the  problem  of  the  future  of  America  is  simply  one 
restricted  phase  of  the  general  problem  of  population.  Whether  racial 
amalgamation  or  fusion  occurs  or  not,  gross  population  growth  goes  on 
steadily.  Strange,  and  indeed  inconceivable,  as  it  may  appear  to  many 
persons,  the  United  States  is  going  to  be  sometime  a  densely  crowded 
country,  where  each  individual,  consciously  or  unconsciously,  will  be 
challenging  the  right  of  every  other  individual  to  existence.  And,  by 
every  present  indication,  the  time  when  this  pressure  of  population  will 
be  definitely  felt  in  this  country  is  not  so  far  away.  Indeed  in  terms  of 
the  sort  of  time  base  by  which  evolutionary  processes  are  commonly 
measured,  the  time  of  our  overcrowding  is  right  upon  us.  In  less  than 
two  centuries  we  may  expect  a  degree  of  pressure  of  population  upon 
means  of  subsistence  which  will  make  the  everyday  life  of  everybody 
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a  different  thing  entirely  from  tine  prodigally  wasteful  busuiess  it 
now  is. 

The  basis  of  this  time  prediction  is  found  in  certain  mathematieal 
studies  which  have  been  in  progress  in' the  writer's  laboratory  (1)  dur- 
ing the  past  two  years.  Only  a  smlOl  part  of  our  results  have  yet  been 
published,  but  I  shall  here  anticipate  some  of  the  as  yet  unpublidied 
material.  Pearl  and  Beed  pointed  out  that  the  following  conditions 
should  be  fulfilled  by  any  equation  which  is  to  describe  adequately 
the  growth  of  population  in  an  area  of  fixed  limits. 

1.  Asymptotic  to  a  line  y  =  k  wlien  a?=-f-  *• 

2.  AiQrmptotic  to  a  line  y  =  0  when  «=—  oo. 

3.  A  point  of  inflection  at  some  point  rr=a  and  y=p. 

4.  Concave  upward  to  the  left  of  a;=a  and  concave  downward 

to  the  right  of  «  =  a. 

5.  No  horizontal  cdope  except  st  x=,±z  co. 

6.  Values  of  y  varying  continuously  from  0  to  ft  as  a?  varies 

from  —  00  to  +  «>• 

In  these  expressions  y  denotes  population,  and  x  denotes  time. 
An  equation  (2)  which  fulfills  these  requireAients  is 


6fl" 


(i) 


when  a,  h  and  c  have  positive  values. 

In  this  equation  the  following  relations  hold : 

X  =  +COy  0  y=zl/c,  (ii) 

a:=— 00,  y  =  0.  (iu) 

Relations  (ii)  and  (iii)  define  the  asymptotes.    The  point  of  inflection 
is  given  by  1 —  ce ^=Q,  or 

x  =  —  \/a  log  c,  y  =  6/2c.  (iv) 

The  slope  at  the  point  of  inflection  is  a&/4c. 

The  general  characteristics  of  the  curve  given  by  equation  (i)  are 
shown  graphically  in  Pig.  1. 

It  was  recognized  that  equation  (i)  gives  but  a  first  approximation 
to  one  special  case  of  a  general  law  of  population  growth.  We  have 
since  developed  the  mathematical  theory  much  further,  and  have 
arrived  at  a  completely  general  equation,  which  accounts  adequately 
for  cyclical  periodicity  in  population  growth,  asymmetry  of  point  of 
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Fro.  1.     Q«neml  form  of  popnlation  growth  eurrte  given,  bj  •quation  (i). 

inflection,  periods  of  decliaing  population,  etc.    This  will  be  published 
shortly,  it  is  hoped. 

The  more  intensive  researches  have  shown,  however,  that  for 
countries  showing  normal  growth  within  a  single  cultural  epoch  equa- 
tion (i)  is  not  greatly  to  be  improved  upon.  The  closeness  with  which 
it  describes  the  known  facts  for  the  United  States  is  sbowQ  in  Table 
I,  and  graphically  in  Fig.  2. 


YCAna 
Fi«.  2.    Tha  growth  of  the  population  of  the  United  BtatM. 
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JtMuIK  of  fitting  population  data  of  the  United. StattM,  1790  to  1910,  H* 

equation  (I). 


y«i. 

by  eqiutfon. 

Efiw. 

3,929,000 
5,308,000 
7,240,000 
9,638,000 
12,866,000 
17,069,000 
23,192,000 
31,443,000 
38,558,000 
60,186,000 
62,948,000 
75,995,000 
91,972,000 

3,929,000 
5,336,000 
7,228,000 
9,757,000 
13,109,000 
17,606,000 
23,192,000 
30,412,000 
39,372,000 
60,177,000 
62,769,000 
76,870,000 
91,972,000 

+    119,000 
+    243,000 
+    437,000 

-1,031,000 
+    814,000 
+     21,000 
-    179,000 
+   875,000 

1870 

The  heavy  portion  of  the  carve  covers  the  region  of  known  fact* 
given  by  the  census  counts  indicated  on  the  diagram  as  small  black 
circles.  The  light  dotted  portitm  of  the  carve  indicates  the  probable 
future  population  growth. 
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in  Fig.  2. 


Tho  growth  of  tho  population  of  Prance 


Significance  of  line*  •* 


L 


The  closeness  with  which  the  curve  fits  the  known  facts,  coupled 
with  the  fact  that  it  substantially  fulfils  the  a  priori  necessary-  con- 
ditions for  a  true  organic  law  of  population  growth,  gives  confidence 
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in  its  power  to  predict  future  events.  In  unpublished  work  we  have 
sbown  that  curves  essentially  like  equation  (i)  describe  with  virtually 
perfect  precision  the  known  facts  of  the  population  growth  for  prac- 
tically all  civilized  countries  for  which  any  census  data  exists.  Aa 
further  examples  Figs.  3  and  4  are  inserted  which  show  that  the  data 
on  population  growth  in  France  and  in  Serbia  are  described  by  thia 
carve  just  as  well  as  are  those  of  the  United  States, 


■i~oao  K  4d   »   i>  Aw  to  -m   i 
Fio.  4.    The  growth  of  the  popul&lion  of  Berbia. 

Returning-  to  the  consideration  of  the  United  States  we  see  that, 
so  far  as  we  may  rely  upon,  present  numerical  values,  the  United 
States  has  already  passed  its  period  of  most  rapid  population  growth, 
unless  there  comes  into  play  some  factor  not  now  known  and  which 
has  never  operated  during  the  past  history  of  the  country  to  make 
the  rate  of  growth  more  rapid.  This  latter  contingency  is  improbable. 
The  population  at  the  point  of  inflection  works  out  to  have  been 
98,637,000,  which  was  in  fact  about  the  population  of  the  country 
in  1914. 

The  upper  asymptote  given  by  (i)  has  the  value  197.274,000 
roughly.  This  means  that  according  to  equation  (i)  the  raasimum 
population  which  continental  United  States,  as  now  areally  limited, 
will  have  will  be  roughly  twice  the  present  population.  This  will  seem 
to  some  a  small  estimate.  It  is  so  easy,  and  most  writers  on  population 
have  been  so  prone,  to  extrapolate  population  by  a  geometric  series,  or 
by  a  parabola  or  some  such  purely  empirical  curve,  and  arrive  at 
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stupendous  figures,  that  calm  consideriEition  of  real  probabilities  is 
most  difficult  to  obtain. 

Now  197,000,000  people  will  require,  on  the  basis  of  oar  present 
food  habits,  about  260,000,000,000,000  calories  per  annum.  The 
United  States  during  the  seven  years  1911-1918  produced  as  an 
annual  average,  in  the  form  of  human  food,  both  primary  and  sec- 
ondary (i.e.,  broadly  vegetable  and  animal),  only  137,163,606,000,000 
calories  per  year  (3).  So  that  unless  our  food  habits  radically  change 
and  a  man  is  able  to  do  with  less  than  3000  to  3500  calories  per  day, 
or  unless  our  agricultural  production  radically  increases,  it  will  be 
necessary  when  our  modest  figure  for  the  asymptotic  population  is 
reached,  to  import  nearly  or  quite  one  half  of  the  calories  needed  by 
that  population.  It  seems  improbable  that  the  population  will  go  on 
increasing  at  any  very  rapid  rate  after  such  a  condition  is  reached. 

East  (4)  has  lately  made  a  critical  examination  of  the  a^cultural 
limitations  to  the  population  of  the  United  States,  and  concludes 
"  that  the  agricultural  possibilities  in  this  country  are  not  so  great  as 
they  are  generally  supposed  to  be,  and  .  .  .  even  if  these  possibilities 
were  fulfilled  wholly  the  population  the  country  could  support  is 
not  enormously  greater  than  the  fibres  Pearl  and  Reed  have  set.'* 

Pig.  2  also  shows  that  we  shall  be  uneomfortably  close  to  the 
asymptotic  population  by  2100,  a  time  at  which  the  great-grand- 
children of  a  number  of  persons  now  living  will  be  components  of  the 
population. 

What  kind  of  a  population  will  that  be?  What  elements  now  in 
the  population  will  then,  and  in  the  succeeding  years,  be  the  dominant 
ones?  Or,  will  none  of  the  racial  groups  now  so  distinct  in  our 
population  exist  as  such  then,  having  in  the  meantime  fused  and 
amalgamated,  one  with  the  other,  till  there  remains  only  a  biologically 
homogeneous  whole  ?  No  one  can  answer  these  questions  positively  to- 
day. They  are  of  the  future.  But  we  can  examine  present  tendencies 
and  past  experience.  It  is  to  that  task  that  this  discussion  is  addressed. 
Many  others  have,  of  course,  \vTitten  on  these  problems.  Notable 
papers  were  those  of  Mayo-Smith  (5).  Others  who  have  written  along 
similar  lines  are  Miehaud  and  Giddings  (19),  Giddings  (20),  Fishberg 
(21),  Ripley  (22),  and  Alleman  (23).  But  since  no  recent  writer  has, 
so  far  as  I  am  aware,  approached  the  problem  from  at  all  the  same 
point  of  view  as  that  of  the  present  study,  no  attempt  will  be  made 
to  review  the  literature  systematically.     The  point  of  view  through- 
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out  this  paper  is  the  fommlation  of  the  essential  problems  on  which 
investigation  should  be,  and  profitably  could  be  made,  rather  than  any 
attempt  to  solve  problems.  In  such  formulations  there  will,  of  neces- 
sity, be  clearly  pointed  out  the  appalling  gaps  in  our  official  statistics. 
Many,  indeed  most,  of  the  problems  to  be  discussed  can  only  be  solved 
when  there  is  a  really  adequate  system  of  national  bookkeeping,  in 
respect  of  human  life.  In  pointing  out  lacunae  in  our  national 
biostatistics  the  animating  motive  will  be  wholly  constructive  and 
hopeful  of  future  improvement,  and  not  at  all  the  contrary  in  respect 
of  either  persons  or  institutions.  In  general  no  one  is  more  desirous 
than  the  officials  charged  with  the  collection  and  compilation  of  our 
national  statistics  that  these  statistics  should  be  adequate,  in  the 
fullest  sense  of  the  word. 

II. 

Criteria  op  Biological  Americanization. 

In  a  strict  sense  there  are  but  three  general  criteria  by  which  the 
purely  biological  attributes  of  a  population  may  be  estimated  or 
measured.    These  are: 

1.  Somatic  physical. 

2.  Somatic  psychological. 

3.  Biostatistical. 

Logically,  in  a  broad  sense,  all  of  these  may  be  subsumed  under 
the  general  title  anthropological,  but  nothing  particular  is  gained  by 
so  doing. 

In  the  first  category,  somatic  physical,  will  be  included  all  those 
physical  attributes  of  the  individuals  composing  the  population,  which 
characterize  them  as  animals,  such  as  hair  color,  eye  color,  cephalic 
index,  rate  of  growth,  and  so  on,  right  away  through  the  whole  gamut 
of  topics  commonly  designated  physical  anthropology. 

In  the  second  category  will  be  included  such  attributes  as  intelli- 
gence, habits,  feelings,  emotions,  and  such  other  psychological  matters 
as  are  capable  of  definition  and  measurement  with  greater  or  less 
precision,  and  at  the  same  time  exhibit  racial  variations  of  some 
degree  of  constancy  and  specificity. 

With  neither  of  these  first  two  criteria  shall  we  deal  here,  because 
they  have  been  fully  treated  by  specialists  in  these  particular  fields. 

The  biostatistical  criteria  form  the  subject  matter  of  the  present 
discussion.  It  will  be  well  to  examine  their  scope  with  some  particu- 
larity before  entering  upon  detailed  treatment  of  the  data. 
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.  From  th€  point  of  view  of  the  population  problem,  there  are  two 
biological  phenomena  of  fundamental  importance,  reproduction  and 
death.  To  study  changes  in  population,  of  any  sort  whatever,  we 
need  comprehensive  and  accurate  data  about  each  separate  element  of 
both  of  these  phenomena.  To  study  progressive  or  retrogressive  secular 
changes  in  population  the  most  useful  datum  we  can  have  is  one  which 
combines  within  itself  the  essential  variations  of  both  reproduction 
and  death.  Such  a  figure  I  have  called  (6)  the  **  vital  index  "  of  a 
population.      / 

We  have  then  the   following  scheme  of  essential  biostatifitical 
criteria  of  changes  in  a  people. 


Statistics  op 
'1.    Marriages. 


A.  Reproduction,  -{ 2.  /  Divorces 

3.     Births. 


a.  Living. 

6.  Still. 

c.  Illegitimate. 


B.  Death. 


4.    Deaths. 


C.  Vital  Index,        5.     Birth/Death  ratio. 


Each  of  the  five  groups  of  this  scheme  have,  of  course,  many 
subsidiary  elements,  some  of  which  we  shall  be  able  to  consider. 

There  is  one  greneral  defect  of  American  vital  statistics  which  so 
constantly  will  make  itself  felt  in  all  the  discussion  which  is  to  follow 
that  it  will  be  well  to  say  what  needs  to  be  said  about  it,  once  and  for 
all,  at  the  start.  The  only  index  of  race  stock  which  we  have  anjnvhere 
in  our  statistics  is  such  as  may  be  inferred  from  facts  as  to  the  nation 
in  which  birth  occurred.  From  the  point  of  view  of  anything  ap- 
proaching exact  science  this  is  a  most  serious  defect. 

In  the  first  place,  in  a  number  of  places  besides  the  United  States, 
the  population  making  up  the  nation  includes  a  number  of  perfectly 
distinct  racial  stocks.  Thus  a  Canadian,  in  our  vital  statistics,  is  just 
a  Canadian,  meaning  that  he  was  born  in  the  Dominion  of  Canada, 
a  political  entity.  In  fact  he  may  be  an  Indian,  a  Frenchman,  an 
Englishman,  an  Eskimo,  or  of  any  one  of  a  number  of  other  ethnically 
distinct  subdivisions  of  the  human  race. 

In  the  second  place,  there  is  one  highly  important  racial  group, 
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about  which  we  are  legally  prevented  from  getting  any  biostatistioal 
information.  I  refer  to  the  Jews.  Here,  owing  to  the  fact  that  what 
is  by  all  odds  the  biologically  purest  of  all  civilized  races  happens 
to  be  also  homogeneous  in  respect  of  religion,  we  apparently  can  have 
no  statistics  about  it  in  this  country.  Whenever  an  attempt  is  made, 
as  has  repeatedly  been  the  case,  to  get  legislation  which  will  permit 
the  separate  statistical  enumeration  of  the  Jews,  it  is  blocked  by  the 
contention,  on  the  part  of  some  distinguished  leaders  of  the  race, 
that  Jewry  is  a  religion  and  nothing  but  a  religion  and  does 
not  connote  a  race.  On  the  other  hand  others  contend  that  the  Jews 
constitute  a  highly  homogeneous  race.  By  all  standards  of  common 
sense  and  anthropology  the  latter  is  of  course  the  fact.  But  leaving 
quite  aside  all  discussion  of  verbal  definitions  about  race  and  religion, 
the  plain  fact  cannot  be  successfully  controverted  that  the  Jews  con- 
stitute a  highly  homogeneous  group  of  people  in  the  American  common- 
wealth. It  is  for  this  reason  and  this  alone,  I  take  it,  that  every 
competent  vital  statistician  agrees  as  to  the  great  desirability  of  having 
statistical  information  about  them.  It  is  greatly  to  be  hoped  that  in 
the  not  distant  future  this  may  be  accomplished.  So  far  as  an  en- 
tirely dispassionate  and  unprejudiced  observer  can  see  the  Jews  them- 
selves could  lose  nothing,  and  would  gain  much  if  this  reform  could  be 
established. 

In  the  third  place  no  attempt  is  made  in  our  vital  statistics  to 
follow  race  stocks,  even  by  nation  of  birth,  for  more  than  one  gen- 
eration. In  the  case  of  birth  statistics  we  have  the  birthplace 
of  the  propositus  and  his  parents.  In  the  case  of  death  statistics,  we 
have  the  same .  information.  In  the  latter  case  the  information  ob- 
viously extends  further  back  in  point  of  absolute  time,  but  not  in  point 
of  generations. 

The  vital  statistician  in  this  country  has,  perforce,  to  get  into  an 
attitude  of  mind  in  which  he  is  grateful  for  what  favors  are  accorded 
him.  Serious  as  are  the  lacunae  which  have  been  mentioned,  it  is 
still  possible  to  draw  some  reasonably  accurate  conclusions  about  race 
stocks  in  this  country.  In  other  words  the  case  is  not  quite  so  bad  as 
it  might  be.  The  following  statement  from  **  Birth  Statistics  for  the 
Birth  Registration  Area  of  the  United  States,  1918  '^  (p.  11),  '*  Except 
for  parents  bom  in  the  United  States,  however,  the  country  of  birth 
undoubtedly  does  indicate  usually  the  race  stock,  ^'  unquestionably 
represents  a  fact. 
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We  may  now  turn  to  the  more  detailed  consideration  of  the  several 
biostatistical  criteria  of  the  changes  of  populations. 

III. 
Marriage  and  Divorce. 

Under  our  existing  conditions  of  law  and  custom  marriage  is  a 
substantially  essential  prerequisite  and  concomitant  of  normal  human 
reproduction.  This  does  not  mean,  of  course,  that  spermatozoa  and 
ova  will  not  successfully  unite  without  benefit  of  clergy.  Too  often, 
alas,  they  do.  But  anyone  who  supposes  that  normal  human  repro- 
duction goes  on  in  our  civilization  outside  of  the  marital  state  should 
examine  the  statistics  of  abortions,  stillbirths,  congenital  malforma- 
tions, and  earliest  infant  mortality,  in  the  cases  respectively  of 
legitimate  and  illegitimate  unions.  He  will  find  the  conditions  in  the 
case  of  illegitimate  unions  far  indeed  from  biological  normality.  Con- 
sequently it  is  essential  in  the  statistical  discussion  of  reproduction  to 
take  such  a  factor  into  account. 

There  is  furthermore  in  the  present  connection  an  especial  reason 
for  discussing  marriage  statistics.  Vast  quantities  of  ink  have  been 
spUled  in  the  discussion  of  the  * '  melting  pot ' '  in  America.  It  would 
be  unbelievable  if  it  were  not  true,  in  view  of  the  interest  in  this  sub- 
ject, and  its  obvious  importance  as  a  factor  in  national  well-being,  that 
no  data  are  available  by  which  the  degree  or  extent  of  the  **  melting  " 
or  racial  fusion  can  be  measured  on  a  national  scale.  What  makes 
the  case  more  curious  is  the  fact  that  the  initial  element  in  the  fusion 
is  so  easily  and  directly  capable  of  measurement.  The  first  step  in 
racial  fusion  in  this,  as  any  other  country,  is  obviously  inter-racial 
marriage.  But  there  are  in  this  country  absolutely  no  statistics  of 
national  scope  about  the  frequency  and  character  of  marriages.  In  a 
few  states,  notably  New  York  and  Massachusetts,  there  is  official 
retristration  (and  compilation)  of  marriage  statistics,  by  much  the 
same  mechanism  that  registers  births  and  deaths.  Drachsler  (7)  has 
analyzed  the  New  York  marriage  figures  from  the  point  of  view  of 
race  amalgamation  in  a  notable  memoir.  But  these  are  exceptional 
conditions.  To  know  the  extent  to  which  the  **  melting  pot''  is 
actually  melting  we  need  as  the  first  datum  accurate,  uniform  and 
complete  federal  statistics  of  marriage  on  an  annual  basis,  and  with 
racial  data  included. 

As  these  do  not  exist  now,  and  there  is  no  immediate  hope  of 
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getting  them,  we  must  resort  in  the  present  discussion  to  indirect 
methods  of  learning  something  of  the  degree  to  which  racial  fusion  is 
occurring  at  the  present  time.  Happily  excellent  data  are  at  hand 
for  doing  this. 

Let  us  begin  by  defining  an  effective  marriage  within  any  specified 
time  duration — say  one  year — as  a  marriage  which  produces  living 
offspring  within  that  time  period.  Such  marriage  unions  are  repro- 
ductively  effective  within  that  time.  This  is,  of  course,  the  really  im- 
portant  consideration.  It  could  possibly  make  no  effect  for  good  or 
ill  to  the  country  if  there  were  a  vast  number  of  say  Chinese- American 
marriages,  provided  all  such  unions  were  reproductively  absolutely 
sterile.  They  would  be  biologically  non-effective  marriages,  and  would 
not  connote  the  slightest  degree  of  racial  fusion.  As  has  already  been 
pointed  out,  marriage  is  the  first  step  in  racial  fusion,  but  it  is  only 
the  first  step.  If  the  marriage  does  not  become  reproductively  effective 
there  is  no  true  fusion  of  the  races  of  the  contracting  parties.  So 
then  what,  after  all,  is  needed,  in  addition  to  straight  marriage  sta- 
tistics, is  information  as  to  the  racial  composition  of  those  marriages 
which  at  any  particular  time  are  reproductively  effective. 

Fortunately  data  of  this  latter  sort  have  been  regularly  published 
since  1915  for  the  Birth  Registration  Area  of  the  United  States,  col- 
lected, checked  and  compiled  by  the  Division  of  Vital  Statistics  of 
the  Bureau  of  the  Census,  under  the  competent  direction  and  super- 
vision of  Dr.  William  H.  Davis.  Before  going  into  the  details  as  to 
the  character  of  these  statistics  it  will  be  well  to  understand  just  what 
is  meant  by  the  Birth  Registration  Area,  in  order  that  anyone  may 
judge  just  what  significance  is  to  be  attached  to  its  figures,  as  a  sample 
representing  the  entire  country.  In  1919,  the  year  with  which  we  shall 
deal  in  the  immediately  following  discussion,  the  Birth  Registration 


TABLE  II. 
Area  and  population  of  United  States  Birth  Registration  Area  in  1919, 


United  States. 

Birth  Registration  Area. 

Tjind  area 
(square  miles). 

Population. 

Land 

area. 

Population. 

Numbers. 

Per  cent. 

of 

total. 

Square 
miles. 

Per  cent. 

of 

total. 

104,976,970 

2,973,890 

61,474,111 

58.6 

1,075,506 

36.2 
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Area  had  the  feographic  uid  demographic  eharacteristics  aet  forth  in 
Table  II.  This  table  is  modified  from  Birth  Statistics,  1919,  p.  7. 
The  states  iocluded  in  the  Birth  Registration  Area  in  1919  are 
shown  graphically  in  Fig,  5,  which  is  taken  from  the  frontispiece  of 
Birth  Statistics,  1919. 

BIRTH  REQI8TRATI0N  AREA;  1819. 


Fia.  S.    Mfip  showing  st.ntcs  (shndcd)  in  the  Birth  Registration  Area  in  1919. 

From  these  data  we  see  that  the  area  in  1919  included  nearly  six 
tenths  of  the  entire  population  of  the  country,  and  covered  nearly 
four  tenths  of  the  total  !and  area.  The  Atlantic  and  Pacifii;  seaboards 
are  praetieally  completely  covered,  the  Middle  AVest  is  fairly  well 
represented,  while  the  South,  the  Northwest  and  the  Rocky  Monntain 
regions  are  practically  not  represented  at  all.  Probably  the  most 
serious  omission,  from  the  standpoint  of  random  sampling,  is  the 
South.  AVith  the  reservation  which  this  latter  omission  implies,  we 
may  regard  the  Birth  Registration  Area,  as  constituted  ia  1919,  as 
fairly  representative  of  the  country  at  large. 
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In  each  volume  of  the  Birth  Statistics  issued  by  the  Bureau  of 
the  Census  is  given  a  table  which  shows  for  each  child  bom  the  birtb 
nationality,  in  rather  wide  groups,  of  both  the  father  and  the  mother. 
This  table  for  1919  is  reproduced  here  in  modified  form  as  Table  HI. 
The  modifications  introduced  are:  (o)  male  and  female  births,  which 
are  given  separately  in  the  original,  are  here  combined,  since  we  «« 
not  interested  In  the  sex  of  the  offspring,  but  only  in  total  marria^ 
effective  in  1919;  (6)  the  columns  and  rows  of  the  original  table 
headed  respectively  "Total  foreign,"  and  "Country  not  stated" 
are  omitted  here,  as  of  no  purpose  in  the  present  inquiry.  The  net 
result  is  that  Table  III  gives  all  the  definitely  known  facts  regarding 
birth  nationality  of  the  partners  in  marriages  reproductively  effectm 
in  1919  in  the  Birth  Registration  Area. 

Table  III  furnishes  a  picture  of  the  degree  of  racial  assortatin 
mating  which  was  inherent  in  the  marriages  which  were  reproductively 
effective  in  1919  in  the  Birth  Registration  Area,  or  in  other  words 
of  the  degree  to  which  the  "  melting  pot "  was  melting  in  that  par- 
ticular year.  The  data  will  repay  careful  and  detailed  study.  One 
notes  at  once  that  the  largest  frequencies  are  in  those  cells  whirfi  lie 
on  the  diagonal  of  the  table  connecting  the  upper  left  and  tbe  lowrr 
right  comers.  These  are  the  cells  which  exhibit  the  frequency  of 
effective  legitimate  matings  of  like  with  like  in  respect  of  rseiil 
stock  (in  so  far  as  mce  stock  is  indicated  by  nation  of  birthV  Tho 
there  ivcro  816. MG  effei'live  marriafres  in  which  both  male  and  femsl? 
wore  bom  in  the  United  States:  46.407  iu  which  both  mentber*  of 
tiio  piiir  were  born  in  Austria,  and  so  on.  All  other  cells  of  the  laH^ 
except  those  falling  on  this  diagonal  theoretically  represent  rafii 
mixture  or  fusion  of  some  sort  or  other.  Actually,  a.*:  we  >ca-' 
presently  see.  this  theoretical  assumption  is  not  entirely  justified  f?r 
all  the  cells.  But  neglecting  this  point  for  the  moment  in  order  arsi 
to  get  a  broad  view,  il  is  plain  enongh  that  any  coefficient  of  asson- 
tive  niatiitfr  calculated  from  the  table  is  bound  to  give  a  high  viae. 
Persons  of  the  Siime  raee  tend  to  mate  with  each  other  far  lor? 
than  they  tend  to  go  outside  the  race  for  a  mate.  The  total  number?' 
effei'tive  marriages  included  in  the  table — over  one  a::d  a  ■quarter 
millions — is  large  enough  to  be  impressive. 

Tiie  nest  step  obviously  is  to  supplement  the  general  ;— r:yss-r* 
deriveil  from  mere  inspection  of  the  table  that  there  is  a  z\^  i-^-zr^ 
of  racial  associative  mating  (like  mating  with  likeV  with  a  :^or?  ^i*-'^ 
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determination  of  its  magnitude.  The  method  which  at  once  occurs  to 
one  to  do  this  is  to  calculate  by  the  contingency  method  the  coefficient 
of  racial  assortative  mating.  This  I  have  not  done  in  the  present 
instance  for  two  reasons:  first  because  I  know  about  what  the  value 
would  be  from  experience  with  other  tables  of  racial  assortative  TnMJTig 
which  I  have  dealt  with  by  the  contingency  method  before.  Without 
correction  of  non-diagonal,  but  really  like  X  like  cells,  the  coefficient  of 
contingency  will  be  somewhere  in  the  neighborhood  of +  0.8.  The 
second,  and  more  important  reason,  is  that  the  coefficient  in  reality 
tells  very  little  more  than  common-sense  inspection  of  the  table  tells, 
being  in  fact  merely  a  single  numerical  expression  of  that  common- 
sense  result,  and  gives  nothing  like  so  much  useful  information  as  does 
the  method  of  analysis  of  the  material  upon  which  we  shall  presently 
embark. 

Before  doing  this  I  wish  to  discuss  at  the  outstart  one  source  of 
error  implicit  in  the  table  which  will  be  neglected  throughout,  because 
its  magnitude  is  so  sm-all  that  it  cannot  sensibly  affect  any  result, 
wiiereas  to  correct  for  it  would  require  an  inordinate  expenditure 
of  time  and  labor,  even  if,  with  the  available  data,  it  ever  could  be 
fully  corrected.  The  error  is  this.  I  have  referred  throughout  to 
the  frequencies  of  Table  III  as  frequencies  of  **  effective  marriages." 
Actually,  of  course,  they  are  frequencies  of  births.  Not  all  births  are 
single  births.  Some  are  twins,  triplets,  etc.  In  the  case  of  twins  the 
same  marriage  gets  counted  in  Table  III  as  effective  twice  in  1919. 
So,  of  course,  it  was  in  fact  from  the  standpoint  of  population  growth. 
But  from  the  standpoint  of  analyzing  the  racial  fusions  involved  it  ap- 
parently implies  one  more  pair  of  parents  of  the  particular  sort  of 
racial  combinations  involved  than  in  fact  existed.  The  number  of 
multiple  births,  however,  in  proportion  to  total  births,  is  so  small  as 
to  make  this  a  negligible  source  of  error  in  any  conclusions  which  will 
here  be  drawn  from  the  figures.  Thus  in  1919  there  were  12.2  cases 
of  plural  births  per  1000  mothers  of  that  year.  Or,  put  in 
another  way,  there  were  only  32,204  live  infants  born  plurally,  in  a 
total  of  1,373,438  live  infants  bom  in  1919. 

The  first  problem  on  which  interest  centers  may  be  stated  in  this 
way:  what  proportion  of  the  marriages  effective  in  adding  to  the 
population  in  1919,  were  racially  pure  (race  as  always  being  indicated 
by  country  of  birth),  as  compared  with  those  which  were  racially 
mixed,  the  mixing  being  either  (a)  of  American-born  with  foreign- 
bom,  or  (6)  of  various  different  sorts  of  foreign-born  together? 
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To  get  a  first  approximation  to  the  answer  to  this  question  Table 
IV  has  been  prepared  from  Table  III  and  similar  data  in  Birth 
Statistics,  1919,  showing  the  results  for  the  Registration  Area  as  a 
whole  and  for  each  state  separately.  The  columns  contain  the  follow- 
ing data: 

Column  A. — The  sum  of  the  diagonal  cells  of  Table  III  (and 
similar  tables  for  each  state).  .  The  entries  for  this  column  show  the 
total  number  of  births  from  effective  marriages  in  which  both  mem- 
bers of  the  pair  were  bom  in  the  same  country,  and  were  thus  infer- 
entially  of  the  same  racial  stock.  As  has  already  been  pointed  out 
this  inference  is,  in  a  broad  way,  justified,  except  for  the  United 
States.  There  we  step  over  into  another  ''universe  of  discourse." 
Even  there  the  two  members  of  the  married  pair  are  at  least  alike 
in  these  respects,  that:  (1)  they  were  both  born  in. the  United  States, 
and  (2)  they  have  been  subjected  to  Americanizing  influences  for  an 
average  period  of  from  28  to  33*. years.  This  means  that  they  went, 
in  general,  to  American  schools  and  were  subjected  to  Americanizing 
influences  throughout  the  most  formative  period  of  life.  Although 
real  racial  differences  are  not  to  be  wiped  out  in  any  such  easy  way 
or  short  period  as  this,  still  no  one  who  has  attentively  observed  our 
foreign  peoples  will  deny  that  the  individual  bom  and  reared  in  this 
country  is  in  many  respects  definitely  different  from  the  foreign-bom 
immigrant,  coming  at  any  age  after  s^y  12  to  15.  For  the  present 
then,  we  shall  treat  the  U.  S.  X  U.  S.  effective  marriages  as  though 
they  were  directly  comparable  to  the  other  diagonal  cell  groups; 
reverting  later  to  further  discussion  of  the  point. 

Column  B. — This  column  contains  the  sum  of  the  frequencies  in 
the  cells  forming  the  first  row  of  Table  III,  exclusive  of  the  first  cell 
in  the  row  (U.  S.  X  U.  S.).  The  figure  thus  shows  how  many  effective 
marriages  in  1919  there  were  in  the  B.  R.  A.,*  in  which  the  female 
member  of  the  pair  was  American  born.  This  will,  in  general,  indicate 
the  extent  of  the  assimilation  of  foreign  males  by  the  American  fe- 
males of  the  existing  population. 

Column  C. — This  contains  the  sum  of  the  frequencies  in  the  cells 
forming  the  first  column  of  Table  III,  again  exclusive  of  the  topmost 
cell  (U.  S.  X  U.  S.).    This  is  the  counterpart  of  Column  B,  showingthe 

*  These  figures  are  respectively  about  the  average  ages  of  mothers  and  fathers 
in  1919. 

*  Tliia  will  be  used  as  a  convenient  abbreviation  of  Birth  Registration  Area 
throughout  the  remainder  of  the  discussion. 
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extent  of  effective  fusion  of  American-bom  male  elements  with  foreign- 
bom  females.  Columns  B  and  C  together  show  the  whole  extent  of 
the  effective  fusion  in  the  B.  R.  A.  in  1919  of  foreign  with  native- 
born  elements. 

Column  D  gives  the  sums  of  the  figures  in  Columns  B  and  C  for 
the  purpose  above  indicated. 

Column  E  gives  the  total  number  of  effective  marriages  in  which 
both  partners  were  bom  in  the  United  States.  This  is  the  frequency 
in  the  upper  left-hand  comer  cell  of  Table  III,  and  the  corresponding 
cell  for  the  state  tables. 

Column  F  gives  the  total  frequency  in  all  the  diagonal  cells  of 
Table  III,  exclusive  of  the  comer  cells  dealt  with  in  Column  E.  In 
other  words  these  figures  show  the  total  number  of  racially  pure 
effective  marriages  in  which  both  partners  were  foreign-bom. 

Column  0  contains  the  sum  of  the  frequencies  in  all  those  cells  of 
Table  III  which  are  not  included  in  Columns  A,  B,  and  C  of  Table 
TV.  These  are  the  cells  which  fall  neither  upon  the  diagonal,  nor  upon 
the  bordering  row  or  column  of  the  table.  The  summed  frequencies 
represent  the  total  number  of  effective  marriages  in  which  racial 
mixture  or  fusion  occurred,  with  neither  partner  in  the  union  Amer- 
ican-bom. The  figures  show  the  extent  to  which  the  several  foreign 
elements  in  our  population  are  failing  to  keep  racially  pure,  without 
at  the  same  time  mixing  with  American-born. 

Column  H  gives  the  sums  of  the  entries  in  Columns  F  and  O. 
These  figures  show  the  total  numbers  of  effective  marriages  in  the 
B.  R.  A.  in  1919  in  which  both  members  of  the  united  pair  were  of 
foreign  birth. 

Column  I  gives  the  percentage  which  each  entry  in  Column  D  is 
of  the  corresponding  entry  in  Column  A.  In  other  words  the  figures 
in  Column  /  answer  the  following  question:  what  proportion  do  the 
effective  marriages  which  represent  a  fusion  or  *'  melting  "  of  foreign 
stocks  urith  American-born  elements  form  of  the  effective  marriages  in 
which  like  mated  with  like  racially  (counting  U.  S.  XU.  S.  as  a  like 
mating)  ? 

Column  J  gives  the  percentages  which  the  several  entries  in  Col- 
umn D  are  of  the  corresponding  entries  in  Column  E.  These  figures 
show  the  proportions  which  effective  fusions  of  native-born  with 
foreign-bom  elements  form  of  effective  matings  of  native-bom  with 
native-born.  This  column  may  be  taken  to  indicate  the  rate  at  which 
"ftrue  net  amalgamation  is  taking  place. 
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Column  K  gives  the  percentages  viiicb  the  several  gatnea  i 
'Columii  D  are  of  the  corresponding  entries  in  Colnmn  F.  The  fignre 
show  the  relative  tendencies  of  foreign  stocks  to  mate  (effeetirdy' 
with  native-hom  stocks,  as  compared  with  their  tendency  to  mrt 
(effectively)  within  their  own  racial  groups  in  this  country. 

Column  L  gives  the  percentage  which  each  entry  in  Colomn  F  i 
of  the  corresponding  entry  in  Cfdumn  E.  The  figures  show  the  pro 
portions  of  racially  pure  effective  matings  of  foreign-bom  as  con^sm 
with  native-born  elements. 

Column  M  gives  the  percentage  which  each  entry  in  Column  6  i 
•of  the  corresponding  entry  in  Column  F.  The  fibres  indicate  tiii 
relative  tendency  of  the  foreign-bom  Btocks  to  mate  (among  them 
selves)  pure,  as  compared  with  their  tendency  to  mate  with  otba 
foreign-bom  stocks. 

Column  jV  gives  the  percentage  which  each  entry  in  Column  fl"  is  ol 
the  corresponding  entry  in  Column  E.  The  figures  compare  relative!] 
the  effective  results  of  matings  in  which  both  parties  are  foreign-bon 
with  those  matings  in  which  both  partners  are  native-bom. 

The  several  states  in  Table  IV  are  arranged  in  descending  ordei 
of  the  entries  in  Column  7. 

In  the  discussion  of  Table  IV  it  will  be  well  to  confine  the  attentiot 
in  the  first  instance  to  the  percentage  columns  beginning  with  /: 
noting  only  that  the  total  number  of  effective  marriages  dealt  with, 
over  a  million,  is  large  enough  to  command  respect.  From  the  tabl( 
the  following  points  arc  especially  to  be  noted. 

1.  For  the  entire  B.  R.  A.  the  percentage  of  amalgamation  or 
fusion  of  foreign-born  stocks  with  native-born,  as  compared  wilh 
racially  like  effective  matings  of  all  sorts,  as  indicated  by  effectiw 
marriages  in  1919,  is  just  under  11.5  per  cent.  That  is,  for  aboo' 
every  ten  effective  marriages  in  which  the  partners  were  of  like  na- 
tivity there  was  one  in  which  one  partner  was  of  American  and  thf 
other  of  foreign  nativity.  On  the  whole  this  appears  a  reasonablt 
large  proportion,  when  one  considers  inherent  prejudices  which  mast 
be  overcome  before  -such  marriages  can  occur.  Of  course  one  realiis 
fully  that  some  unknown,  but  certainly  significant  proportion  of  the 
126,762  Ainorii'aii  X  foreign-born  cross  matings  are  really  not  raciallv 
cross  at  all  but  like,  one  partner  merely  having  been  born  in  tbe 
United  States.  But  fully  granting  this,  there  are  two  further  points 
to  he  noted,  namely:  first,  that  American  birth  and  upbrinfring' to 
maiTviiig  age  tend  to  create  a  considerable  measure  of  antipathy  or 
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prejudice  towards  the  more  recent  immi^ant  i 
making  this  statement  the  -writer  is  relying  on 
servations  of  foreign  stocks  in  our  country. 
American-bom  child  of  foreign  parents  desires 
"  pure  American,"  to  slough  off  and  forget 
characterize,  as  he  or  she  thinks,  the  "  wop,"  u 
term  of  disparagement  for  the  foreigner.  Ui 
names  and  customs  of  all  sorts,  excite  in  ma 
phobic  reaction  in  the  native-born  children  of 
How  unfortunate  this  all  is  is  only  too  often  app 
substitutes  for  the  dropped  foreign  habits  are 
stitutes  indeed.  The  ignorant  and  foolish  child 
of  American  habits  and  manners,  while  lettin 
distinctly  fine  and  precious. 

In  the  second  place  it  must  be  rememberet 
effective  marriages  of  native-born  there  are  man 
ings.  Perhaps  this  balances  off  in  good  part 
cross- mating  figures. 

2.  Thirteen  states  exhibit  a  fusion  perceni 
average,  with  New  Hampshire  followed  by  Mi 
approximately  one  quarter  of  all  the  effective  mar 
and  foreign-bom  partners.  In  these  two  states 
these  mixed  marriages  includes  a  French  Cat 
partners.  The  group  above  the  average  in  fusio 
all  the  New  Enfjland  States  oxeept  Rhode  Islanc 
B.  E.  A.)  and  New  York.  ■  This  would  be  reason 
are  old  states  in  which  (a)  there  has  been  timi 
fieial  and  frothy  aspects  of  race  prejudice  to  ei 
foreign  population  has,  by  and  large,  been  of  rati 
quality.  In  the  Middle  West,  Minnesota,  Micl 
give  percentages  well  above  the  average.  Here  a 
born  elements  have  been  long  in  residence  an 
worth.  From  the  Far  West,  Washington.  Galifoi 
give  pereentflgcs  more  or  less  above  the  average, 
accounted  for  by  the  rather  distinctly  open-mi 
of  these  communities,  so  lonf;  as  Orientals  are  nt 

3.  The  distinctive  feature  of  the  group  of 
percentages  below  the  average  is  that  it  is  outs 
group.  Seven  out  of  the  ten  states  in  the  gi 
Mason-Dixon   line.     This  is  probably  to  be   a 
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factors:  (a)  an  intense  prejudice  against  racial  miscegenation  in 
general,  founded  upon  the  concrete  ease  of  the  negro,  and  (6)  a  rela- 
tively small  proportion  of  foreign-born  in  the  communities  concerned. 
4.  This  brings  up  a  question  of  obvious  interest.  When  the  states 
are  arranged  in  descending  order  of  effective  race  fusion  percentages 
as  in  Table  IV  (from  Column  /),  is  not  this  also  about  the  same  order 
in  which  they  would  stand  in  respect  of  perc<^ntage  of  foreign-bom 
white  populations?  Table  IV  shows  that  this  is  in  fact  the  case  to  a 
high  degree  of  approximation. 

TABLE  IV  a. 

Comparing  percentages  of  foreign-horn  whites  in  the  total  population  in  1910 

with  Column  I  of  Table  IV. 

Per  cent,  of 
forelgrn-born 
Column  /.  Table  IV,  whites  in  popu- 

States.  fusion  percentage.  lation  in  1910. 

New  Hampshire   26.67  22.4 

Maine   24.54  14.8 

Massachusetts    22  52  31.2 

Minnesota    22.46  26.2 

Washington   19.05  21.1 

Michigan    17.59  21.2 

California 16.69  21.8 

Wisconsin 16.18  22.0 

Vermont  16.11  14.0 

Connecticut    15.30  29.5 

New  York   14.82  29.9 

Oregon    13.35  15.3 

Utah    12.67  17.0 

Pennsylvania  10.08  18.8 

District  of  Columbia 9.02  7.4 

Ohio    7.31  12.5 

Maryland   6.39  8.0 

Kansas   5.38  8.0 

Indiana    3.67  5.9 

Virginia   137  1.3 

Kentucky   80  1.7 

South  Carolina 50  0.4 

North  Carolina  *. 30  0.3 

How  dose  the  parallelism  is  between  the  two  columns  of  Table  IV  a 
is  shown  graphically  in  Fig.  6. 

The  important  fact  strikingly  demonstrated  in  Table  IV  a  and 
Pig.  6  is  that  the  amount  of  racial  amalgamation  or  fusion  going  on 
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in  the  several  ports  of  the  American  "  melting  ] 
in  the  most  direct  and  close  way  to  the  amount  ( 
stock  in  the  local  population.  In  other  words  th 
standing  factor  in  determining  whether  there  si 
assimilation  of  foreign  elements  into  the  establish' 
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ages  in  the  population  of  foreign-b 


ivbites  in  1910. 


tiou  is  simply  the  opportunity  afforded  by  pr 
statistically  one  of  tlie  most  potent  factors  in  brii 
all  marriages.  Given  a  community  in  which  thei 
born  wliites  as  more  or  less  settled  residents,  thi 
many  marriages  in  which  one  of  the  partners  will 
the  other  of  foreign  nativity. 

5.  Turning  to  Column  J  of  Table  IV,  which 
which  the  total  number  of  reproductively  effect 
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which  one  partner  was  American-bom,  is  of  the  number  of  eflPective 
matings  in  which  both  partners  are  native-born,  it  is  seen  that  while 
the  percentages  are,  as  must  necessarily  be  the  case,  somewhat  higher 
than  those  of  Column  /,  they  nevertheless  follow  about  the  same 
order.  Some  of  the  individual  entries  are  of  interest.  Thus  in  the 
case  of  Massachusetts  there  were  nearly  one  half  (48.09  per  cent.)  as 
many  matings  effective  in  producing  offspring  in  1919  in  which  fusion 
of  American-  and  foreign-born  occurred,  as  there  were  effective  matings 
where  both  partners  were  native-born.  Just  as  in  the  preceding  case 
it  is  evident  that  opportunity  is  the  important  factor  in  making  the 
melting  pot  melt.  Figure  7  is  of  the  same  general  character  as  Fig.  6 
except  that  here  the  J  Column  percentages,  which  may  be  taken  as  the 
closest  approximation  to  actual,  net,  effective  racial  amalgamation,  are 
plotted  against  percentages  of  foreign-born  whites  in  1910. 
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Fio.  7.  Showing  the  agreement  between  percentages  of  mixed  American  and 
foreign  effeetive  marriages  in  1919  (percentages  on  native  X  native  base  onlj), 
and  percentages  of  foreign-born  whites  in  the  population  in  1910. 
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The  agreement  between  the  two  lines  is  even  closer  in  this  diagram 
than  was  the  case  in  Fig.  6.  There  can  be  no  doubt  that  where  the 
most  foreign-bom  whites  are,  there  occurs  the  most  mixed  mating 
with  native-bom,  not  only  absolutely  but  also  relatively,  in  proportion 
both  to  all  racially  pure  matings  and  to  purely  American  (i.e.,  native 
X  native)  matings. 

And  there  can  be  no  doubt,  under  the  circumstances,  about  the 
reality  of  racial  fusion  in  this  country.  When  from  one  fourth  to  one 
half  as  many  children  are  produced  in  a  given  year  from  mixed  mat- 
ings (in  which  one  partner  is  American)  as  from  matings  of  strictly 
American-bom  persons,  amalgamation  of  the  immigrant  elements  into 
the  previously  existing  complex  is  certainly  going  on  apace. 

6.  Column  K  gives  us  a  view  of  the  same  phenomenon  from 
another  angle.  Here  the  question  presented  is :  what  proportion  do 
effective  mixed  matings  (in  which  one  partner  is  American-bom) 
form  of  racially  pure  matings  in  the  same  communities  in  which  both 
partners  are  of  foreign  birth?  In  ten  out  of  the  twenty-three  states 
there  are  more  effective  mixed  matings  of  the  amalgamating  type — or, 
if  one  chooses,  of  the  Americanizing  type — than  there  are  of  racially 
pure  foreign  X  foreign  matings.  These  are  the  states  exhibiting  per- 
cientages  greater  than  100  in  Column  K,  A  better  appreciation  of  the 
essential  point  here  can  be  gained  by  a  graphic  presentation.  This  is 
given  in  Fig.  8,  where  the  data  of  Column  K  are  plotted  against  the 
percentages  of  foreign-born  whites  in  1910.  In  the  diagram  the 
states  are  arranged  in  descending  order  of  proportion  of  foreign-bom 
whites  in  1910  (heavy  line).  This,  it  will  be  noticed,  is  the  opposite 
of  the  plan  in  Figs.  6  and  7,  where  these  data  were  given  as  the  light 
instead  of  the  heavy  line. 

It  is  at  once  apparent  that,  in  general,  there  is  no  significant  as- 
sociation between  the  two  variables  here  plotted.  Leaving  out  of 
account  for  the  moment  the  three  states  with  the  highest  percentage  of 
foreign-born  whites,  namely,  Massachusetts,  New  York  and  Con- 
necticut, it  is  clear  that  the  remaining  20  states  proceed  across  the 
diagram  in  what  amounts  to  a  horizontal  line,  in  respect  of  the 
proportion  of  fusion  to  pure  all-foreign  matings,  while  at  the  same 
time  the  percentage  of  foreign-born  in  the  population  is  steadily  de- 
creasing. In  the  eastern  states  mentioned  the  case  is  different.  The 
proportion  of  foreign-born  whites  in  total  population  is  there  highest. 
The  proportion  of  fusion  matings  to  pure  foreign-bom  matings  ia 
practically  the  lowest.    Here  we  see  the  effect  of  the  condensed,  homo- 
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Fio.  8.  Showing  the  relation  between  (a)  the  proportion  of  foreign-born 
whites  in  the  population  in  1910,  and  (6)  the  percentage  which  **  fusion  " 
eifeetive  matings  (as  defined  in  text)  are  of  effective  all-foreign  pure  xnatingi  in 
the  same  communities. 


geneous  **  forei^  colony  **  type  of  population,  flourishing  in  great 
industrial  centers.  Yet  the  fact  must  not  be  overlooked  that  all  three 
of  these  states,  Massachusetts,  Connecticut  and  New  York,  are  above 
the  average  in  the  percentage  which  fusion  matings  form  of  pure 
American-born  matings  (cf.  Column  J).    There  is  no  contradiction  in 
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those  two  facta,  though  at  first  g'lance  there  mi^ht 
facts  merely  mean  that  in  each  of  these  three  commc 
eampaxvUvtAj  large,  wdl-settled,  foreign-born  po; 
ing  at  a  restively  maeh  man  rapid  rate,  both  pu: 
vith  Aanerican-bora  stock,  than  is  the  strictly  Aj 
Iqr  itself. 

7.  Cdomn  L  gives  for  each  state  Qie  percentc 
foreign-bom  X  foreign-bom  matings  form  of  the  d 


1.000 


0.1 


z 

- 

/PBKENTAGC     OF     FtXEim    X   FOXKN     TO 
y/    tWNL    BY    WnJlC    HATmS   EFFECWZ 

=  ^ 

\ 

: 

\a  ^  A 

= 

pA(\^/\    ^. 

YORDGN    BORN    WHfTE^'^-J,^^     \ 
PCXUNTAGE.      1010                \        /    ^^*N  \ 

= 

- 

1 

Pio.  B.  Showing  the  relation  between  (a)  pereentage  oi 
population  in  1910  (heavy  line],  and  (&)  proportion  of  forei 
to  native  matings  effective  in  IBIS. 
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X  native-born  matings.  Plotting  these  results  against  the  percentage 
of  foreign-born  in  the  total  population  in  1910  gives  the  result  shown 
in  Pig.  9. 

It  is  evident  that  the  two  curves  run  generally  together,  meaning 
that  the  proportion  of  foreign  X  foreign  effective  matings  tends  to  be 
highest  where  there  are  proportionally  the  greatest  number  of  foreign- 
born  in  the  population,  and  lowest  where  there  are  the  fewest.  But 
there  are  some  striking  outstanding  points,  which  merit  special  con- 
sideration. In  the  three  states  Massachusetts,  New  York  and  Con- 
necticut there  were  actually,  in  1919,  as  many  or  more  matings  of 
the  type  foreign-born  X  foreign-born,  as  there  were  of  the  type  native- 
born  X  native-born,  effective  in  producing  offspring.  This  means,  put 
in  another  way,  that  in  these  three  states  as  large  or  larger  additions 
to  the  future  population  were  made  in  1919  by  the  foreign-bom  as  by 
the  native-born.  Furthermore  in  three  other  states,  namely  New 
Hampshire,  Pennsylvania  and  Maine,  the  effective  foreign  X  foreign 
matings  were  more  than  half  as  numerous  as  the  eflPective  native  X 
native. 

There  can  be  no  doubt  that,  on  the  average,  by  whatsoever 
standard  measured,  the  native-born  are  **  Americanized  "  in  higher 
degree  than  the  foreign-born.  It  would  appear  that  in  the  six  states 
named,  the  less  Americanized  elements  are  multiplying  too  fast  in 
proportion  to  the  more  Americanized.  There  can  furthermore  be  no 
doubt  that  this  state  of  affairs  arises  in  largest  degree  as  a  consequence 
of  the  crowding  of  large,  purely  foreign  **  colonies  *'  in  great  in- 
dustrial centers  of  population.  This  is  certainly  true  of  Massachusetts, 
New  York,  Connecticut  and  Pennsylvania.  In  Maine  and  New  Hamp- 
shire the  same  mechanism  essentially  is  at  work  and  is  the  causa  princeps 
of  the  result,  but  it  operates  chiefly  on  a  different  sort  of  foreigner, 
namely  the  French-Canadian,  about  whose  eventual  and  satisfactory 
Americanization  no  particular  doubt  can  be  felt.  In  the  other  four 
states  named,  what  appears  to  be  needed  chiefly  is  to  break  up  the 
too  close  geographical  segregation.  Then  the  problem  will  take  care 
of  itself.  This  appears  to  me  to  be  abundantly  proved  by  the  results 
which  have  already  been  presented  here.  Give  the  foreign  elements 
a  chance  to  meet  and  really  know  the  native  population,  and  the 
melting  pot  promptly  begins  to  seethe  and  bubble.  The  blame  for  the 
sort  of  conditions  depicted  by  the  statistics  of  Massachusetts,  New 
York,  Connecticut  and  Pennsylvania,  in  my  judgment,  lies  far  heavier 
upon  the  native  Americans  than   upon   the   foreigners.     Similarly 
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situated  we  should  all  act  much  as  the  foreigners  do  in  respect  of  our 
mating  habits. 

8.  Column  M  presents  another  angle  of  the  problem.  It  shows  the 
percentage  which  effective  all-foreign  mixed  matings  are  of  effective 
all-foreign  pure  matings.  The  all-foreign  mixed  matings  are  those  in 
which  both  partners  are  foreign-bom,  but  the  husband  has  a  different 
country  of  birth  than  the  wife.  In  other  words  we  have  in  this  column 
a  measure  of  the  extent  to  which  assortative  mating  in  respect  of  race 
occurs  among  the  foreign-born  in  this  country,  excluding  all  mixtures 
of  foreign  with  American-born.  It  is  seen  at  once  that  all  percentages 
are  relatively  small,  the  largest  being  19.09  in  the  case  of  Oregon.  The 
comparison  between  the  entries  of  Column  M  and  those  of  Column  K 
is  highly  significant.  The  foreigner  in  this  country  is  much  more 
likely  to  marry  an  American-born  person,  if  he  does  not  marry  one  of 
his  own  race,  than  he  is  to  marry  some  other  foreigner  not  of  his  own 
race.  This  fact  would  become  even  more  emphasized  if  we  were  able 
to  make  the  proper  corrections  for  Jews  of  different  countries  of 
birth. 

9.  Column  N  compares  the  total  of  effective  matings  of  foreign  X 
foreign-born  (whether  pure  or  mixed)  with  the  total  of  native  X  na- 
tive effective  matings.  In  three  states,  Massachusetts,  New  York  and 
Connecticut,  these  percentages  are  over  100,  as  would  of  course  be 
expected  from  what  has  gone  before.  In  these  states  the  foreign- 
born  produced  more  children  in  1919  than  did  the  native-bom.  But, 
after  all,  the  children  were  native-born  and  will  be  subjected  to 
Americanizing  influences  from  birth  onwards. 

Up  to  this  point  we  have  been  considering  very  broad  types  of 
matings,  and  examining  the  extent  of  effective  fusion  of  races  in  differ- 
ent parts  of  the  B.  R.  A.  It  will  now  be  well  to  examine  the  facts 
from  another  angle,  and  from  one  point  of  view  summarize  them. 

Table  V  shows  that  in  1919  there  were  in  the  B.  R.  A.  78  racially 
different  types  of  mating  effective  in  producing  offspring,  not  separating 
sexes  of  either  mated  partners  or  offspring.  These  matings  are  given 
in  descending  order  of  number  of  children  produced  in  Table  V.  It 
is  to  be  understood,  here  as  before,  of  course,  that  **  race  combination  " 
merely  means  **  so  far  as  indicated  by  country  of  birth,'*  and  is  in  so 
far  and  in  that  sense  not  accurate. 

From  Table  V  it  is  seen  that  65  per  cent,  of  the  children  produced 
in  the  B.  R.  A.  in  1919  were  from  American-born  parents.  Of  the 
remaining  35  per  cent,  the  make-up  was  as  follows:   10.113  per  cent. 
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TABLE  V. 
Net  effectiveness  in  producing  next  generation. 


Or- 
der.! 


1 
2 


4  > 


Race  combinfttion. 


Number 

of 
births. 


For 
cent. 


U.  S.XU.  S '816,546 

Italy  X  Italy '  76,251 


6 

7; 

8| 

I 
10 

11 

12 

13 

14 

15 

16 
17 
18 

19 
20 

21 
22 
23 
24 
25 

26 

27 

28 
29 


Russia XHussia |  53,128 

Austria X Austria. . .  46,407 

Other  foreign  X 

other  foreign 30,079 

U.  S.xCanada I  24,181 

Poland  X  Poland ...  I  22,562 

1 

U.  S.  X  Germany . . .  |  16,520 

1 

Hungary  X 

Hungao' '  14,624 

U.  S.XU.  K j  14,339 


^5.123 
6.081 

4.237 
3.701 


U.  S.Xltaly I  12,559 

I 
U.  S.  Xother  ! 

foreign !  12,234 

Ireland  X  Ireland...;  12,035 

I 

U.  S.X  Scandinavia  I  11,454 

U.  S.XRussia \  10,519 

CanadaXCanada  . .  9,616 

U.  S.X  Austria 9,600 

Scandinavia  X 

Scandinavia '  9,519 

U.  S.Xireland 9,006 

Germany  X 

Germany 6,595 

Austria  X  Russia  . . .  i),791 

U.  K.XU.  K 5,444 

U.  S.XPoland 4.521 

U.  S.X  Hungary  ...  1,829 
Russia  Xother 

foreign 1,447 

U.  K.  Xlreland 1,161 

Austria  X  Germany .  1 , 1 53 

I 

CanadaXU.  K 1,001 

Austria  Xother 

foreign 946 


Or- 
der. 


Race  combination. 


Number  i 

of       ' 

births.    ! 


31 
32 
33 
34 


2.399  35 

1.929 : 

1.799  36 

I 

1.318  37 

38 
1.166  i 
1.144  39 

1.002  40 

;4i 


.976 
.960 

.914 

.839 

.767 
.766 


42 
43 

44 

45 
46 

47 


.759   48 
.718 

1 49 
.526  i 
.462  '  50 
.434  I 
.361  1 51 
.146  1 

52 
.115 
.093 


.092 
.080 


53 
54 


Austria  X  Poland . . . 

Poland  X  Russia 

Germany  X  Russia . . 
Italy  Xother 

foreign 

Germany  Xother 

foreign 

Scandinavia  Xother 

foreign 

U.  K.  XHussia 

Canada  X  Ireland  . . 

U.  K.  Xother 

foreign 

Hungar\'  X  Russia . . 
Hungary  X 

Germany 

Austria  X  Italy  . . .  . 
Canada  Xother 

foreign 

Germany  X 

Poland 

U.  K.X Germany.  . 
Scandinavia  X 

U.  K 

Scandinavia  X 

Germany 

Hungary  Xother 

foreign 

Ireland  Xother 

fortMgn 

Canada  X  Scandi- 


889 
884 
815 

704 

638 

597 
560 


I 


55 
56 
.075  !  57 


navia 

Canada  X 

Germany . . . 
Ireland  X 

Germany  . . 
Scandinavia  X 

Ireland .... 
Poland  Xother 

foreign 

Austria  XU.  K. 
U.  K.X  Italy.. 
Ireland  X  Italy 


463 
453 

397 
323 

315 

313 
309 

283 

278 

242 

238 

221 

220 

187 

162 

161 
154 
143 
139 


Per 
cent. 


30  I  Austria  X  Hungary  .;     944    I     .075 


.071 
.071 
.065 

.056 

.051 

.048 
.045 


552    I     .044 


.037 
.036 

.032 
.026 

.025 

.025 
.025 

.023 

.022 

.019 

.019 

.018 

.018 

.015 

.013 

.013 
.012 
.011 
.011 
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Or- 
der. 

Race  combination. 

Number 

of 
births. 

Per 
cent. 

Or- 
der. 

69 

70 
71 
72 
73 
74 
75 

76 

77 

78 

Race  combination. 

Number 
of 
births. 

Per 

cent. 

58 

CanadaXltaly. . . 

Italy  XRussia 

Germany  X  Italy.. 
Canada  XRussia.. 
HungaryX  Italy. . 
Austria  X  Canaoa . 
Austria  X  Ireland  . 
HungaryX 

Poland 

Austria  X 

Scandinavia . . . 
Italy  XPoland.... 

Scandinavia  X 
Russia 

131 

120 
110 
86 
84 
79 
76 

70 

68 
68 

m 

.010 

.0096 
.0088 
.0069 
.0067 
.0063 
.0061 

.0056 

.0054. 
.0054 

.0045 

Scandinavia  X 
Italy 

40 
36 
36 
33 
30 
28 

14 

12 

10 

9 

.0038 

59 
60 
61 
62 
63 
64 
65 

66 

67 
68 

Hungary  XIJ.  K.  . 
Ireland  XRussia . . 
Canada  XPoland  . 
Ireland  X  Poland . . 
U.K.  XPoland... 

Scandinavia  X 
Poland 

HungaryX 

Canada 

HungaryX 

Scandinavia . . . 
HungaryX 

Ireland 

.0020 
.0020 
.0026 
.0024 
.0022 

.0011 

.00096 

.0008 

.0007 

Total 

1,253,848 

100.004 

of  the  total  children  had  on6  parent  native-bom,  leaving  approximately 
25  per  cent,  of  the  total  births  having  both  parents  foreign-born.  So 
then  it  appears  that  almost  exactly  75  per  cent,  of  the  total  children 
had  one  or  both  parents  native-bom.  Of  the  foreign-bom  effective 
matings  the  highest  percentage  is  exhibited  by  the  Italians,  next  by 
the  Russian  born,  next  by  the  Austrian  born,  and  next  by  the  residue 
group  **  other  foreigners.*'  These  four  foreign  groups  contributed 
together  some  16  per  cent,  of  the  total  children.  It  is  probably  con- 
servative to  estimate  that  one  half  at  least  of  these  parental  groups 
were  Jewish.  The  first  twelve  of  the  matings  in  the  table  produced 
over  90  per  cent,  of  the  children  born  in  the  B.  R.  A.  in  1919. 
Whether  the  above  facts,  which  are  shown  graphically  in  Fig.  10,  will 
be  regarded  as  alarming  or  reassuring  depends  upon  one's  precon- 
ceived point  of  view.  From  one  point  of  view  it  will  be  regarded  an 
evil  of  alarming  proportions  that  but  65  per  cent,  of  children  bom  in 
this  country  have  both  parents  native-born.  But,  on  the  other  hand, 
as  the  figures  show,  the  proportion  having  both  parents  native-born  is 
overwhelmingly  larger  than  that  for  any  other  mating.  Our  present 
task,  however,  is  simply  to  present  the  facts,  to  as  great  a  degree  of 
approximation  as  is  possible. 

Throughout  the  discussion  of  this  point  we  have  been  compelled, 
by  lack  of  the  raw  statistical  data  necessary  to  do  anything  else,  to 
take  country  of  birth  as  indicative  of  race.  Everyone  knows  that  it  is 
not  accurately  so.    It  is  at  best  only  an  approximation,  and  conceals 
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RUSSIA  X    RUSSIA 


U.S.  X  US. 


AUSTRIA     X  AUSTRIA 


OTHER    FOREIGN     X      OTHER     FOREIGN 
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POLAND      X     POLAND 


U.  S.     X      GERMANY 


HUNGARY   X     HUNGARY 
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I  i/ 5.    ;c     UK. 


U.  S.     X     fTALY 


U.S.     X     OTHER     FOREIGN 


ALL     OTHER      MATIN6S 

Fio.  10.    Bar  diagram  showing  proportion  of  children  produced  in  the  B.  B. 
A.  in  1919,  from  different  types  of  matings. 
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many  pertinent  facts.  Again,  because  of  the  lack  of  the  necessary 
data,  it  is  impossible  to  make  any  correction  of  Tables  III,  IV  and  V 
which  will,  after  the  expenditure  of  a  considerable  amount  of  time  that 
would  be  involved  in  attempting  corrections,  tell  us  anything  more 
exact  than  what  we  know  to  be  the  broad  features  of  the  ease.  The 
errors  in  Tables  III,  IV  and  V  incident  to  taking  birthplace  as  an 
index  of  race  are,  broadly  speaking,  as  follows : 

1.  An  error  which  probably  tends  to  make  the  degree  of  racial  as- 
sortative  mating  in  effective  marriages  appear  lower  than  it  really  is, 
is  found  in  the  fact  that  the  TJ.  S.  X  U.  S.  group  contains  many  differ- 
ent racial  elements.  Many  of  these  probably  mate  assortatively  and 
should,  on  a  strictly  racial  basis,  be  taken  out  of  the  upper  left  hand 
corner  cell  of  Table  III  and  distributed  to  their  proper  diagonal  cells 
down  the  table.  But  others  of  this  sort  do  not  mate  in  strict  racial 
assorting,  and  they  should  be  distributed  to  the  appropriate  cells  of 
the  table  off  the  diagonal. 

2.  Another  factor  of  much  greater  importance  in  lowering  the 
apparent  below  the  true  degree  of  racial  assortative  mating,  is  found  in 
the  cells  not  on  the  diagonal  in  Table  III  with  disproportionately  high 
frequencies;  as  for  example,  TJ.  S.  c?  X  Russian  $  (frequency  2616), 
Austrian  ^  X  Russian  $  (frequency  1670),  etc.  Now  while  these  ap- 
pear to  be  cross-matings,  as  a  matter  of  obvious  fact,  they  are  in  the 
vast  majority  of  cases  strictly  pure  matings,  namely  of  Jewish  ^  X 
Jewish  ?.  They  should  in  some  unknown,  but  certainly  large  propor- 
tion, be  transferred  to  the  diagonal  cells.  Another  example  of  the 
same  thing,  but  not  involving  Jews,  is  seen  in  the  disproportionately 
high  frequencies  in  the  cells  Canadian  (^  X  U.  K.  $  (frequency  436) 
and  TJ.  K.^X  Canada?  (frequency  565).  What  we  really  have,  in 
a  great  proportion  of  these  cases,  is  the  mating  of  Canadian-bom 
English,  Welsh  or  Irish  males  with  foreign-born  females  of  the  same 
race. 

The  first  of  the  sources  of  error  named  I  am  personally  inclined 
larjrely  to  discount,  because  of  the  conviction  that  about  the  only 
logically  tenable  simple  definition  of  an  American,  in  the  sense  the 
word  is  here  used,  is  that  of  nativity.  An  American  is  a  person  born 
in  the  United  States.*    The  only  racially  pure  American  is  the  Amer- 

*  T  roiilize  as  fully  as  my  Canadian  friends  the  unfortunate  element  in  the 
common  usage  of  **  American  "  with  reference  solely  to  the  United  States 
rather  than  to  North  America.  Canadians  are  of  course  as  much  Americans  at 
we  are.    But,  in  point  of  fact,  because  United  States  is  not  a  term  easily  put  into 
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ind.  Everybody  else  is  something  other  than  American  racially.  I 
can  not  see  logically  but  that  a  person  born  in  the  United  States  in 
1920  has  just  as  much  right  to  call  himself  an  American  as  one  born 
here  in  1620.  And  further  this  right  is  just  as  logically  passed  on 
hereditarily  now  as  it  was  then.  In  other  words  is  there  any  reason 
not  to  accept  little  Gaetano  Tomasino  (let  us  say)  as  a  friend  and 
brother  citizen,  though  his  ancestors  first  landed  on  these  fair  shores  in 
the  early  spring  of  1920  instead  of  the  late  autumn  of  1620,  provided, 
and  just  as  long  as,  Oaetano  behaves  like  an  American  f  If  and  when 
he  does  not  then  plainly  something  must  be  done  about  it.  Practically, 
and  in  fact,  that  is  the  way  in  which  Americans  of  all  varieties,  in- 
eluding  that  odd  and  rather  dangerous  creature  now  so  much  to  the 
fore,  the  **  100  per  cent.  American,"  have  come  into  being. 

Divorce, 

Divorce  is  unquestionably  a  factor  in  the  biology  of  human  repro- 
duction, and  should  therefore  be  considered  in  any  general  resum^ 
of  the  subject.  From  the  point  of  view  of  the  present  discussion, 
however,  it  is  wholly  impossible  to  do  anything  with  this  topic,  since 
no  data  are  available.  In  **  Marriage  and  Divorce,  1916,"  a  special 
report  of  the  Bureau  of  the  Census  issued  in  1919,  the  following  state- 
ment is  made : 

Two  investigations  with  respect  to  marriage  and  divorce  have  been  made 
previously  by  the  Federal  Government — one  in  1887-88  by  the  Department  of 
Ijabor,  covering  20  years  from  1867  to  1886,  inclusive,  and  the  other,  in  1906-7 
by  the  Bureau  of  the  Census,  covering  the  20  years  from  1887  to  1906,  inclusive. 
These  two  investigations  together  covered  a  consecutive  period  of  40  years. 

The  results  of  the  first  of  these  studies  are  incorporated  in  the 
second.  It  thus  results  that  the  entire  statistical  knowledge  of  mar- 
riage and  divorce  for  this  country  as  a  whole  is  contained  in  these 
volumes.  And  in  no  one  of  these  are  there  any  data  about  race  or 
nationality.  Consequently  from  our  present  viewpoint  nothing  can 
be  done  with  the  material. 

IV. 

Natality. 

The  most  important  data  regarding  births,  from  the  viewpoint 
of  the  present  discussion,  have  already  been  presented  in  the  section 

adjective  form,  while  America  is,  common  usage  has  seized  upon  the  last  word 
of  the  official  designation  of  this  country  rather  than  the  first  two,  to  use  at 
the  descriptive  adjective  for  her  citizens. 
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on  marriaf^,  as  a  result  of  dealing  with  effective  marriages  Kdel^. 
It  remains  here  to  consider  certain  special  topics  not  there  dealt  with. 
These  topics  are  (o)  fertility,  (6)  illegitimacy,  (c)  still-births. 


A.  Fertility. 
The  general  fact  that  foreign-born  women  are  much  more  fertile, 
under  American  conditions,  than  native-born  is  well  known,  and  can 
be  shown  in  many  different  ways.  Perhaps  the  most  striking  way  to 
set  forth  the  broad  fact  is  to  show  the  relation  of  births  to  married 
women  of  child-bearing  age  in  the  population  as  a  whole.  This  is 
done  in  Table  VI,  which  is  in  rearranged  form,  a  table  given  on  p.  10 
of  Birth  Statistics,  1919. 

TABLE  VI. 

Shoaling  the  relation  between  the  ttumii«r  of  foreignbom  women  of  ehild-bearitf 

age  and  their  contribtUiont  to  the  population. 


P«  cent,  of 

Stat<. 

st^.<Sdrs^„".ss^ 

S=£1S.rS 

1919. 

1918. 

1917. 

i9ia 

56.76 
4S.99 
21.90 
37. 7S 
33.88 
29,11 
18.70 
28.04 
19.86 
2.5.13 
12,73 
20.71 
21.71 
12,98 

i;i-ir» 

(i..i4 
.'^,43 
2,0(i 
l),S2 
0..W 

o,;h) 
aimiilk 
ipts  (if  bir 

53.69         55.76    i 
53.20        65,36 

58,20         60,21 
49-10     ;     51,64 
22.25    1     24.86 
38-51         40,81 
34,52    1     36,33    i 
30,08        32.46    ' 
19,08         20,62    1 

20.16  21,69    1 
24.24    1     25,92 

13.17  14,.'»a    ' 
21.38    '     22.47    ; 
21.87    .     23.U     1 

13.16         14.29 
6.12            6.91     1 
8.46    .      8.95     ' 
2,06    '      2,ai    , 
0.77           0.86 

0.23          0.34 
er  cJatc. 
h  rertifieatea  for  Iho  ye 

Connecticut 

46,36 

Minnesota 

33,99 

Pennpvlvania 

MirhiKiLn 

WiBconsiii 

California 

Waahington 

Maine 

27,77 
26,45 
26,40 
23,74 
23.24 
21.89 
18.S3 
18,11 
15.51 
14.81 
13.11 
8.12 

Veminiil 

Ohio 

OreKon 

Manhmtl 

Ki,nf<;,.= 

IndiiLiiu 

Kcniiiikv 

•  Noi  luiiici  1.)  rtfiist  Fill  ion  im 
t  Kx,.[u,ifii  U-cauHO  iitl  Inmsn 

ir  were  not  re- 
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Prom  Table  VI  it  is  seen  that  in  12  of  the  23  states  in  the  table 
the  foreign-bom  women  were  the  mothers  of  a  higher  percentage  of 
children  than  would  be  expected  if  they  were  no  more  fertile  than  the 
native-bom  women  of  the  same  age  groups.  In  the  case  of  Connecticut 
the  percentage  of  births  rises  to  10  or  more  points  higher  than  the 
percentage  of  representation  in  the  population. 

For  one  state,  New  York,  Eastman  (8)  has  made  a  very  careful 
and  thorough  study  of  the  birth-rates  by  race.  Table  VII  shows  some: 
of  his  chief  results. 

TABLE  VII. 

Births  to  white  mothers,  according  to  nativity  of  mothers,  in  New  York  State,, 
(eocclusive  of  New  York  City)  in  1916.     (After  Eastman.) 


Nationality  of  mother. 


Total  white 

Native  white 

Foreign-bom  white 

English,  Scotch,  and  Welsh 

Irish 

German  (includes  German 

Poles) 

Italian 

Russian  (includes  Finland 

and  Russian  Poland) . .  .^ 
Austro-Hungarian  (includes 

Austrian  Poles) 

Canadian 

Other  foreign-bom 


Estimated 

population 

in  1016. 


4,643,786 

3,777,685 

866,101 

97,695 

124,467 

171,435 
141,845 

82,195 

81,256  i 

104,270  i 
62,938  I 


Number 

of 
births. 

Number  of 

births 
per  1.000 
estimated 

population. 

♦102,834 
64,889 
37,914 

22.1 
17.2 
43.8 

1,869 

19.1 

1,879 

15.1 

2,421 
12,998 

14.1 
91.6 

7,281 

88.6 

7,307 

89.9 

2,219 
1,940 

21.3 
30.8 

Crude  birth 

rate  of 

native 

country 

according  to 

last  report 

before  war. 


t24.1 

§25.5 

22.8 

27.5 
31.7 


44.0 

131.3 

36.3 

t24.0 


i 


Date  of 

last 
report 
before 

the  war. 


1913- 
1915: 

1913: 
191$ 

1909 

1912 

1913 


Commenting  on  this  table  Eastman  says: 

The  features  of  interest  that  at  once  attract  the  attention  are  the  extra- 
ordinarily high  rates  of  the  Italians,  Russians  and  Austro-Hungarians  (which 
amount  to  from  100  per  cent,  to  almost  200  per  cent,  higher  here  than  in  the 
mother  countries),  and  the  exceptionally  low  rates  of  the  Irish  and  Germans.  A 
study  of  the  statistics  of  immigration  as  contained  in  the  reports  of  the  Com- 

*  Nativity  of  mother  unknown  in  the  case  of  31  births. 

t  Province  of  Ontario. 

t  England  and  Wales. 

§  Scotland. 

II  Austria. 

If  Hungary. 
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misaioner  General  of  Immigratioii  of  the  United  States  irill  reveal  the  pnbtbk 
eaiue  of  these  Temarkable  differences.  Of  the  total  number  of  Italisiu,  Asttn- 
Hongarians  and  BosBiana,  who  were  admitted  into  thi«  countT7  einu  Jolf  lit 
1S80,  75,3  per  cent,  and  77  per  cent,  respectively,  arrived  bere  from  jDl;r  ^> 
1900  to  June  30,  1914,  while  of  the  total  anmber  of  Oermans  admitted  liiM 
1880,  60  per  cent,  arrived  prior  to  June  30,  1890  and  only  19.4  per  cent  siM* 
Jnly  1,  1900.  The  exact  data  re^rding  the  Irish  were  not  obtainable  from  th« 
records  from  whieb  the  above  fibres  were  extracted,  but  it  is  very  probable  that 
the  percentages  ate  more  or  less  similar  to  those  of  the  Qermana,  assuming  that 
the  difference  of  age  upon  arrival  does  not  differ  materially  between  the  t«o 
nationalities.  This  roeans  that  the  three  nationalities  in  New  York  State  fint 
mentioned  are  mostly  composed  of  young  adults  id  the  most  productive  penod 
of  life,  while  the  Oermans  and  Irish  are  mostly  people  past  ehildbeariog  age, 
or  at  least  in  the  later  stages  of  that  period  when  the  birth  rate  is  rnoeli  lower. 
It  is  notable  that  the  Canadians  and  British  have  a  lower  birth  rate  in  Ne« 
York  than  in  their  respective  countries  of  birth.  This  may  be  due  to  the  greater 
similarity  of  their  age  constitution  to  that  of  the  native  class  and  to  their  greatn 
inclination   and   ability   to   adopt   the   American   standard   of   living. 

Attention  is  directed  to  the  fact  that  73.1  per  cent,  of  all  births  to  foreign- 
bom  women  were  to  Italian,  Bussian  and  Anstro-Hongarian  mothers  and  that 
these  races  accounted  for  nearly  27  per  cent,  of  all  the  births  oeenrring  In  the 
State  outside  of  New  York  City,  although  they  furnished  less  than  7  per  cent 
of   the  total   population. 

From  a  strictly  scientifii:  standpoint  these  figures  are  not  thoroughly  reliable. 
For  all  practical  purposes,  however,  there  seems  to  be  no  adequate  reason  aty 
they  should  not  be  used.  If  anything  the  birth  rates  of  the  foreign-bom  lie 
probably  too  low,  since  it  is  likely  that  the  percentage  of  each  foreign  nationiUt; 
to  the  total  population  n-aa  not  as  great  in  1916  as  it«icas  in  1910.  owing  to  thf 
practical  cessation  of  all  immigration  during  the  years  of  1915  and  1916.  Tkii 
would  probably  more  tlian  offset  nny  incrpase  that  may  have  occurred  in  thf 
foreign  population  of  the  State  from  an  influx  of  these  people  from  other  states, 
attracted  by  better  industrial  conditions,  etc.  It  may  therefore  be  assumed, 
that  whatever  error  there  may  be,  would,  if  corrected,  hut  emphaaiie  the  poin! 
that  the  birthrate  of  native  women  in  Now  York  Slate  is  undoubtedly  as  low, 
or  lower,  than  that  of  France,  and  that  the  birth  rate  of  the  foreign-horn  womaa  i' 
almost  twice  as  great  as  that  of  the  native  woman. 

The  above  birth  rates  (17.2  for  native  women  and  43.8  for  foreign  womes! 
are  not  fairly  comparable  owing  to  the  great  differences  between  the  age  eol- 
stitution  of  each  clement.  There  ia  not  only  a  greater  proportion  of  marriei 
women  from  15  to  45  years  of  age  among  the  foreign  class  (according  to  the 
1910  U.  S.  Census  it  amounted  to  70  per  cent,  as  against  52  per  cent,  for  nalift 
women),  l>ut  a  larger  pereentage  of  them  are  between  the  ages  of  21  and  30, 
the  period  of  greatest  productivity. 

To  illustrate  the  point  Eastman  presents  the  table,  here  given  as 
Table  VIII. 
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TABLE  VIII. 

A  eomparis(m  of  the  crude,  legitimate  and  illegitimate  hirth  rates  of  native  and 

foreign-horn  mothers,    (From  Eaetmiin,) 


Birthrates. 

Birthfl  to 

native-bom 

mothers. 

Births  to 

foreign-bom 

mothers. 

Excess 

percentage 

of  births  to 

foreign-bom 

mothers. 

Number  of  births  per  1,000  inhabitants 

Number  of  legitimate  birt.hs  per  1,000 

married  women  15  to  44  yeiirs  of  age 

Number  of  illegitimate  births  per  1,000 

single,  widowed  or  divorced   women 

15  to  44  years  old 

17.2 
137.1 

2.1 

43.7 
253.2 

3.2 

154 
85 

52 

To  indicate  the  reliability  of  the  New  York  figures  Eastman  com- 
pares them  with  Kuczynski's  data  for  Massachusetts  in  1895.  The 
results  are  shown  in  Table  IX. 


TABLE  IX. 

A  eomparison  of  the  hirth  rates  in  Massachusetts  in  1895  and  in  New  York  in 

1916.    (From  Eastman,) 

Massachusetts.  Mew  fork, 

1895.  1916. 

Births  per  1,000  native  population   17.03  17.2 

Births  per  1,000  foreign-born  population 52.16  43.7 

Births  per  native  adult  female  population •  48.78  t  48.6 

Births  per  foreign-bom  females *  107.29  1 104.2 

Births    per    married    native    women    of    child- 
bearing  age  •  142.47  t  137.1 

Births  per  married  foreign-born  women *  251.76  t  253.2 

•Ages  14-50. 
t  Ages   15-44. 

It  is  clear  that  the  agreement  is  close.  The  same  result  has  also 
been  got  by  Hill  (24). 

Altogether  there  can  be  no  doubt  that  in  those  parts  of  the  country 
where  a  relatively  large  proportion  of  the  population  is  foreign-bom, 
the  fertility  of  the  foreign-born  women  is  greatly  in  excess  of  that  of 
the  native-bom.  Almost,  if  not  quite,  the  first  biological  result  of 
Americanization  is  to  reduce  the  fertility  of  the  marriages.  This  is, 
of  course,  to  be  expected  on  all  of  the  following  grounds : 

(a)  The  young  immigrant  woman  is  generally  speaking  a  strong, 
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vigorous,  healthy  animal — pioneering  stock  in  feet.  Even  in  the* 
times  it  requires  a  person  of  more  than  the  average  ^mption — both 
of  hody  and  of  character — to  pull  up  roots  in  the  homeland  and 
venture  to  a  new  world. 

(&}  The  standard  of  living  of  the  immigrant  is  relatively  low,  and 
this  has  virtually  always  and  everywhere  meant  a  high  hirth  rate. 

(c)  The  first  hroad  economic  result  of  Americanization  is  a  raising 
of  the  standard  of  living.  This  makes  itself  felt  in  the  first  generatiiHi 
(native-born  of  foreign  parents)  in  respect  of  the  birth  rate. 

It  would  appear  that  this  particular  phase  of  the  general  problem 
of  immigration,  which  causes  some  persons  such  great  alarm,  is  one 
which  in  a  generation  or  two  adjusts  itself  quite  automatically.  For- 
eign-born women  in  this  country  do  have  a  high  hirth  rate,  but  their 
descendants  very  quickly  slough  ofl?  this  attribute  of  barbarity,  as 
it  is  regarded  by  some. 

B.  lUegitimaey. 

While  having  no  direct  bearing  upon  our  main  problem,  the 
question  of  illegitimate  birth  rates  is  an  interesting  one  on  its  own 
account.  It  has  been  by  many  persons  considered  to  be  an  index  of 
morality,  but  most  statisticians  who  have  studied  the  question  are 
inclined  to  question  or  deny  entirely  its  significance  in  this  regard. 
Eastman  has  shown  (cf..  Table  VIII  supra)  that  the  illegitimate  rate, 
on  the  basis  of  single,  widowed  and  divorced  women,  is  higher  for  the 
foreign  than  the  native-born  women  in  New  York  State,  But  it  is 
also  of  interest  to  reckon  the  illegitimate  rate  on  the  basis  of  IIWO 
totai  birlhs.  The  result  of  this  method  for  the  B.  R.  A.  in  1919  if 
shown  in  Tabic  X,  which  is  modified  from  a  table  in  Birth  Statistics. 
1919,  pp.  16  and  17.  Those  states  from  which  the  returns  are  known 
to  be  incomplete  are  omitted,  but  their  results  are  included  in  the 
figures  for  the  Registration  Area  as  a  whole. 

The  illegitimate  rate  per  1000  total  births  is  more  than  three  times 
higher  for  native-born  than  for  foreign-born  mothers  as  a  whole.  For 
no  one  of  the  groups  of  foreign-born  mothers  does  the  illegitimate 
rate  on  this  base  approach  in  magnitude  that  for  the  native-born 
mothers.  In  the  separate  states  the  few  exceptionally  high  rates  for 
foreign-liom  mntliers  are  based  in  every  case  upon  fewer  than  5 
illegitimate  births,  in  which  case,  of  course,  no  reliance  is  to  be  placed 
upon  the  single  rate  by  itself. 

These  facts  disclose  an  interesting  statistical  paradox.    Table  ^^^ 
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shows  that  tlie  illegitimate  rate  is  higher  per  1000  foreign-boni  wmieii 
capable  of  having  an  illegitimate  baby,  than  it  is  per  1000  native-bom 
women  in  a  similar  social  situation.  But  per  1000  total  births  the 
illegitimate  rate  is  smaller  for  foreign-  than  for  native-bom  mothers. 
The  explanation  is,  of  course,  simple.  There  are  bo  many  more  total 
births  per  1000  foreign-born  child-bearing  women  than  per  lOOO 
native-bom  that  the  illegitimate  rate  per  1000  births  is  bound  to  be 
low  because  the  denominator  of  the  rate  fraction  is  large. 

The  essential  point  is  that  brought  out  in  Table  VIII.  The  fore^- 
bom,  unmarried,  widowed  or  divorced  woman  is  more  likely  to  have 
a  child  than  a  similarly  situated  native-bom  woman.  This  probably 
does  not  mean  better  morals  on  the  average  in  the  latter  case,  but 
simply  better  judgment,  which  in  turn  means  higher  intelligence. 


C.  SlUlbirths. 

Data  for  stillbirths  are  not  particularly  accurate  in  the  United 
States  because  of  local  differences  in  the  legal  definition  of  a  stillbirth. 
.  Regarding  this  matter  the  Census  Bureau  {Birth  Statistics,  1918, 
pp.  28  and  29)   makes  the  following  comments: 

I&terpratatiDit  of  the  data  relating  to  stillbirths  must  be  made  with  eztrMM 
untion,  as  the  tenn  "  stillbirth  "  is  not  used  in  the  eame  BenB«  in  the  rarions 
■tatea  and  the  percantage  of  the  completeness  of  these  reports  is  not  known.  The 
Model  Law  reads:  A  stillborn  child  shall  be  registered  as  a  birth  and  also  as  ■ 
death,  .  .  .  provided  that  a  certiflcate  of  birth  and  a  certiBcate  of  di^th  shill 
not  be  required  for  a  child  that  has  not  advanced  to  the  fifth  month  of 
uterogCHtation. 

Of  the  states  in  the  birth  regiatration  area,  Minoesots,  Nevr  York,  and  Nortli 
Carolina  have  similar  provisions  in  their  laws.  The  District  of  Columbia  reqnires 
a  eettificate  for  a  fetus  "passed  the  fifth  month."  The  Indiana  law  read) 
"seven  months'  gestation  and  over,"  and  the  remaining  states  use  the  term 
Btillbirth,  but  do  not  define  it. 

In  Maryland  special  efforts  have  been  made  to  secure  uniform  registration 
of  stillhirtha  o£  oven  Ihe  e.Trlior  mnnlha  of  ulerogestation,  ?o  that  the  data  for 
this  state  are  not  comparable  with  those  for  other  states.  At  flrst  thought  these 
differences  in  the  various  state  lawn  seem  to  limit  greatly  the  comparability  of  the 
data,  but  the  fact  that  the  figures  of  those  states  requiring  reports  ontv  of 
children  which  have  reached  the  fifth  month  approiimate  the  figures  of  those 
states  which  do  not  define  the  term  "  stillbirth,"  warrants  the  eonclusion  that 
in  the  latter  states  only  stillbirths  of  the  later  months  are  for  the  most  part 
reported,  so  that  the  figures  are  fairly  comparable.  Moreover,  it  is  undoubtedly 
true  that  slillbirlha  of  the  later  months  of  ulerogestation  are  well  reported,  be- 
cause such  stillbirths  arc  interred,  and  burial  cannot  legally  take  place  without  a 
burial  permit,  issued  upon  receipt  of  the  physician's  certificate  of  death. 
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All  data  relating  to  stillbirths  have  been  compiled  from  tTanscTipta  of  artill' 
births  reported  as  births.  Undoubted!;  the  total  numbers  of  stillbirths  would 
have  been  somewhat  larger  had  data  been  compiled  from  transeripts  of  Btillbirtha 
reported  as  deaths,  for  foundling  stillbirths  would  then  have  been  ineluded;  but 
M  most  of  tha  important  facts  relating  to  stillbirths  are  recorded  on  the  birth 
certificates  only,  the  Bureau  of  the  Census  gathered  the  information  from  this 


For  reasons,  presumably  connected  with  economy  (most  certainly 
of  the  false  variety),  all  data  oa  stillbirths  are  omitted  ia  the  1919 
Birth  Statistics.  We  shall  therefore  have  to  take  1918  for  the  latest 
figures. 

Table  XI  (from  Birth  Statistics,  1918,  in  rearranged  form)  gives 
Hie  data  as  to  stillbirths  by  country  of  birth  of  mother.  To  this  table 
has  been  added  a  final  column  giving  the  average  total  fecundity  of 
the  several  groups  of  mothers,  as  of  the  same  year.  The  Registration 
Area  is  not  quite  the  same  for  the  figures  of  the  last  column  and 
the  next  to  the  last,  but  the  error  so  introduced  is  negligible  for  the 
use  to  which  the  figiires  are  here  put, 

TABLE  XI. 

Birtltt,  stillbirths,  stiltbirlhi  per  100  hxe  births,  and  average  numbeT  of  chttdrm 
ever  horn,  /or  urhite  children  hy  coujitry  of  birth  of  mother,  1918. 


Country  d[  binh  ul  mnlher. 

BlnhK. 

SliUbirtl... 

birthB. 

ever  bom. 

838,000 
314,780 

30,891 
12,392 

3.7 
3.9 

13,861 
14,038 
11,069 
71,373 
60,269 
62,111 
22,356 
11.624 
15,414 
14,534 
18,132 

651 

620 

473 
2,989 
2,369 
2,384 

835 

413  ' 

559 

525 

574 

4.7 
4.4 
4.3 
4.2 
3.9 
3.8 
3.7 
3.8 
3.8 
3.6 
3,2 

Ireland 

England,  Scotland  and  Wales 

Russift  (intludee  Ruseian  Poland) 

Austria  (includes  Austrian  Poland) . .  . 

3.3 
4.4 
3.3 
3,9 

Denmark,  Norway  and  Sweden 

Germany  (includes  German  Poland). . 

Polsjid  (not  specified) 

Hungary 

3.fl 
4,8 
4.2 
3,8 

The  stillbirth  rate  is  higher,  on  the  basis  of  total  live  births,  for 
foreign-  than  for  American-bom  women  in  general.  In  the  ease  of 
Scandinavian,  German,  Polish  and  Hungarian  mothers  the  stillbirth 
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Fio.  11.     Showing  the  relations  between  the .  stillbirth  rate  and  the  total 
number  of  children  which  have  been  born. 
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rate  is  lower  than  for  the  native-born  mother.  One's  first  thought  is 
that  the  higher  stillbirth  rate  of  the  other  foreign-bom  mothers,  as 
compared  with  the  native-born,  is  due  to  the  higher  fertility  of  the 
former  group.  Comparing  the  fourth  with  the  third  column  of  Table 
XI  gives  little  support,  however,  to  such  a  view. 

On  the  contrary,  Fig.  11,  which  is  plotted  from  the  data  of  Table 
XI,  seems  rather  definitely  to  indicate  that  the  opposite  relation  holds 
on  the  whole.  Namely,  the  more  children  a  woman  has  had  the  less 
likely  is  the  next  birth  to  be  a  stillbirth. 

V. 

Mortality. 

From  published  official  data  it  is  impossible  to  get  any  compre- 
hensive or  precise  information  as  to  the  relative  mortality  of  the 
diflPerent  racial  groups  in  this  country.  The  fault  is  not  so  much  with 
the  original  data  contained  in  the  death  certificates,  but  with  the  fact 
that  this  material  is  not  compiled,  and  by  publication  made  available 
for  the  public  information.  The  most  that  can  be  done  is  to  learn 
something  about  the  comparative  mortality  of  the  native-  and  foreign- 
born  as  total  groups. 

For  the  purpose  of  indicating  what  the  facts  in  this  restricted 
field  show.  Tables  XII  and  XIII  have  been  prepared.  Table  XII 
shows,  for  the  six  states,  Connecticut,  Massachusetts,  Minnesota,  New 
York,  Pennsylvania  and  Wisconsin  taken  together,  the  population  and 
deaths  in  1910,  divided  according  to  whether  the  decedents  were  (a) 
native-born  of  native  parents,  (6)  native-born  but  of  foreign  or  mixed 
foreign  and  American  parentage,  and  (c)  foreign-born,  and  also  by 
sex  and  age. 

The  six  states  chosen  were  taken  because  of  their  representative 
character  in  respect  of  different  industries,  and  because  of  their  large 
foreign-born  populations.  Together  the  states  included  in  Table  XII 
had  in  1910  a  total  population  of  25^205,393  individuals  about  each  of 
whom  age,  sex,  nativity,  and  parent  nativity  were  definitely  known. 
This  is  a  respectable  total  number,  and  tends  to  give  confidence  in  the 
results. 

From  the  data  of  Table  XII  have  been  calculated  death  rates 
specific  for  age  and  sex  for  each  of  the  three  groups.  These  death 
rates  are  exhibited  in  Table  XIII.  Unless  some  arithmetical  error  has 
been  committed  in  these  calculations  and  overlooked,  they  represent 
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a  very  close  approximation  to  the  true  forces  of  mortality,  operating  in 
each  defined  group.  The  reader  should  not  confuse  them  with  crude 
death  rates.  They  are  true  specific  death  rates,  the  specificity  ex- 
tending to  the  three  variables  age,  sex  and  nativity  with  parent 
nativity. 

TABLE  XIII. 
Specific  death  rates  per  1,000  living  of  eame  sex  and  age,  from  Table  XII, 


1 

Native  white  of 
native  parentaice.       , 

1 

Native  of  foreign  or 
mixed  parentage. 

Foreign  born 
white. 

Age. 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

Under  1  year 

130.63 

102.28 

160.01 

124.46 

120.38 

122.90 

Under  5 

36.61 

3.49 

2.26 

3.21 

4.44 

4.81 

6.13 

6.11 

6.92 

8.35 

11.77 

17.52 

25.88 

46.13 

98.35 

187.12 

322.81 

29.79 

3.21 

2.20 

3.02 

4.05 

4.76 

4.74 

5.07 

6.20 

7.32 

10.33 

14.71 

20.16 

39.63 

90.11 

180.06 

306.26 

50.33 

3.95 

2.32 

3.70 

5.72 

7.25 

10.01 

11.68 

13.48 

16.07 

19.51 

26.96 

35.94 

6641 

123.20 

259.33 

371.43 

42.53 

3.77 

2.17 

3.13 

4.81 

6.21 

7.16 

7.96 

9.61 

11.36 

14.61 

20.74 

28.74 

61.29 

109.47 

277.43 

270.83 

28.85 

3.91 

2.48 

4.78 

5.87 

5.97 

6.96 

9.11 

11.61 

15.23 

19.83 

28.67 

40.26 

66.05 

129.39 

258.70 

446.99 

27.42 

5-9 

3.76 

10-14 

2.41 

15-19 

3.36 

20-24 

4.28 

25-29 

6.36 

30-34 

6.39 

35-39 

7.79 

40-44 

9.19 

45-49 

11.86 

50-64 

16.63 

65-69 

24.27 

60-64 

36L01 

66-74 

61.96 

76-84 

126.08 

86-94 

238.45 

96  and  over 

417.67 

The  data  of  Table  XIII  are  shown  graphically  in  Figs.  12  and  13. 

The  first  point  which  strikes  one  from  the  examination  of  these 
specific  death  rates  is  that  the  infant  mortality  (death  rate  under  1) 
is  lower  for  the  foreign-born,  in  the  case  of  both  males  and  females, 
than  for  either  of  the  other  two  classes.  This  result  is  a  spurious  one, 
arising  from  the  following  circumstances.  To  get  entered  in  the 
deaths  under  1,  in  this  country,  a  foreign-bom  baby  must  have  first 
been  bom  abroad,  survived  the  trip  to  this  country  and  then  died  here. 
Now  in  view  of  the  fact  that  the  heaviest  incidence  of  mortality  in  the 
first  year  of  life  is  known  to  be  always  and  everywhere  in  the  first 
month  of  the  first  year,  it  necessarily  follows  that  some  unknown, 
but  fairly  large  proportion  of  the  new-born  babies  of  families  about 
to  immigrate  to  the  United  States  in  1910  died,  either  before  the 
family  left  the  old  country,  or  while  they  were  upon  the  ocean.  Con- 
sequently they  would  never  appear  in  our  statistics.    But  there  would 
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be  left  to  die  in  this  oouBttry  during  the  &nkjwtQi  Ufe  sanite 
nnmb^  of  fozeign-bom  babies^  and  furtiienaore  a  adeeted  Und  «( 
babies,  namely  fhe  aorviTors  of  the  period  of  heaviest  ineUmn 
of  in&nt  moirtality.    So  we  mnst  ecmdnde  that  the  &feign-iMn 
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Fio.  12.    Specif c  death  rates  for  (a)  native-born  males  of  native  parentage 

(solid  line),  (2>)  native-born  males  of  foreign  or  mixed  parentage  (dash  line), 

and  (o)  foreign-born  males  (dot  line)  in  six  selected  states  (see  text)  in  1910. 

mortality  under  1  is  not  accurately  comparable  with  the  native-born 
mortality  in  the  same  age  group.  The  influence  of  this  spurious 
element  makes  itself  felt  throughout  the  *' Under  5  "  group. 

After  this  period  is  passed  the  specific  rates  are  lower,  at  all  ages 
right  away  to  the  end  of  life,  for  the  native-bom  of  native  parents  than 
for  either  of  the  other  two  groups,  in  both  males  and  females,  with  the 
single  exception  that  the  native-bom  of  foreign  or  mixed  parentage 
rate  for  females  in  the  age  group  95  and  over  is  a  little  lower  than 
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the  rate  for  native-bom  women  of  native  parentage.  No  significance 
is  to  be  attached  to  this  slight  deviation  from  the  rule  at  the  end  of 
the  curve,  because  all  rates  for  fhat  age  group  are  subject  to  large 
probable  errors  because  of  the  meager  numbers  involved. 

— 1000 
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Fig.  13.    Specific  death  rates  for  (a)  native-born  females  of  native  parentage, 
(6)    native-born  females  of  foreign  or  mixed  parentage,  and    (c)    foreign-born 
females  in  six  selected  states  in  1910.    Significance  of  lines  as  in  Fig.  11. 


The  superior  estate  of  the  native-born  of  native  parents  in  respect 
of  mortality  undoubtedly  arises  from  the  combined  action  of  the 
following  factors:  (a)  superior  intelligenx^e,  not  perhaps  in  an  abso- 
lute or  abstract  sense,  but  concretely  in  respect  of  awareness  of  and 
ability  to  grapple  with  the  particular  kind  of  environmental  difficulties 
connected  with  living  in  the  United  States.  This  is  probably  the  most 
important  single  factor.  The  native-born  American  of  native  parent- 
age has  a  pretty  fair  fund  of  knowledge^  and  tradition  as  to  how  best 
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to  contend  with  strictly  American  dangers — ^hy^euic,  ecoocmiie  and 
other. 

(i)  Superior  physical  environm^t,  associated  with  a  higher  gen- 
eral standard  of  living.  If  one  were  obliged  to  put  into  a  single  state- 
ment the  most  general  and  important  reason  why  geonine  immigrants 
(meaning  those  intending  to  stay)  now  come  to  our  shores,  it  wonld 
run,  I  think,  in  shout  this  form:  that  above  everything  else  the 
immigrant  desires  and  intends  to  raise  the  standard  of  living  of  hi* 
family  and  descendants.  After  two  generations  have  been  bom  in  this 
country  the  result  has  either  been  achieved  or  it  has  not.  If  it  bai 
not,  the  family  that  started  the  enterprise  has,  generally  speaking, 
either  died  out  or  gone  back  home.  There  can  be  no  question  about 
the  fact  that,  by  and  large,  and  in  most  parts  of  the  country,  the 
standard  of  living  of  the  native-born  of  native  parentage  is  definitely 
higher  than  that  of  either  of  the  other  two  groups. 

On  the  other  hand,  the  relations  of  the  specific  mortality  corva 
are,  for  the  native-born  of  foreign  or  mixed  parentage,  most  cnrioiu, 
and  not  entirely  easy  to  explain  satisfactorily.  Taking  the  male  dat» 
first,  we  see  that  in  youth  (from  age  10  to  about  age  20)  the  specific 
rates  are  higher  for  the  foreign-born.  The  curves  cross  at  about  age 
22.5,  and  all  through  young  adult  and  early  middle  life — up  to  age 
52.5 — the  specific  rates  for  the*  foreign-bom  are  lower  than  those  of 
the  native-born  of  foreign  or  mixed  parentage.  Prom  then  on  to 
the  end  of  the  life  span  the  specific  rates  for  the  foreign-bom  are 
again  hi^rher  than  those  for  the  native-born  of  foreign  or  mixed  parent- 
age. 

The  pertinent  factors  in  the  ease  appear  to  be  as  follows: 

1.  During  childhood  the  foreign-born  individuals  probably  receive 
on  the  whole  less  effectively  good  eare  in  a  hygienic  sense  than  naiive- 
bom  children  of  parents  of  foreign  or  mixed  parentage,  on  the  ground 
that  the  recent  immigrants  understand  onr  environment  less  well 
Purthermorc  there  is  an  extra  occupational  hazard  upon  foreign-horn 
lives  even  in  the  childhood  afres.  So  then  the  higher  specific  rates  of 
chililhnnd  on  the  forei<Tn-born  are  exactly  what  we  should  expect. 

2,  Durin<r  early  adult  and  middle  life  we  have,  apparently: 

Native-born  of 

Foreign-      foreltrn  or 

born,     mixed  fwr^rlJ. 

a.  Phytiieiil  environrnTl  and  standnrd  of  living Worse  Better 

b.  Oecupiitionnl  hazard   Worse  Better 

c.  Inn.ite  biological  constitution Better  Worse 

d.  Racial  constitution  of  the  population Better  Worse 


VITALITY  OP  THE  PEOPLES  OP  AMERICA.  641 

Rubrics  a  and  6  need  no  explanation  or  argument,  so  far  as  I  can 
see.  Rubric  c  is  meant  to  express  the  fact  that  immigration,  even  here 
and  now,  is  a  real  form  of  pioneering.  Only  the  relatively  superior — 
in  comparison  with  the  group  out  of  which  they  come — in  physique, 
courage  and  general  mental  soundness  have  the  initiative  and  strength 
of  character  to  undertake  the  big  adventure  of  starting  anew  in  a 
strange  country.  That  this  selective  action  has  its  effect  upon  mor- 
tality, and  that  this  effect  is  a  considerable  one,  admits  of  no  doubt  (9) . 

Under  rubric  d  is  included  whatever  differences  in  race  stock  there 
may  be  between  the  foreign-born  and  the  native-born  of  foreign  or 
mixed  parentage.  Dublin  and  Baker  (10)  consider,  on  the  basis  of  a 
study  of  New  York  and  Pennsylvania  alone,  that  the  difference  in  the 
death  rates  that  we  are  now  discussing  is  practically  entirely  due  to 
the  **  predominance  of  the  Irish,  German  and  British  stocks  among 
the  first  generations  of  Americans  '*  in  the  age  period  25-44.  That 
this  is  a  factor  admits  of  no  doubt.  And  it  is  an  innate,  biological 
one  in  last  analysis.  It  does  not  seem  to  me,  however,  that  Dublin 
and  Baker  have  entirely  demonstrated  that  it  is  the  only,  or  even 
overwhelmingly  important  factor  in  the  case. 

In  the  study  of  the  mortality  of  different  race  stocks  in  this  country 
lies  a  wonderful  opportunity  for  a  piece  of  analytical  work,  the  results 
of  which  could  not  fail,  if  it  were  carefully  and  sagaciously  done,  to 
throw  a  flood  of  light  on  some  of  our  most  pressing  social  as  well  as 
public  health  problems.  What  is  wanted  here  is  quantitative  fact,  not 
opinion.  And  it  can  be  got,  if  only  somebody  sufficiently  interested 
and  public-spirited  will  finance  the  business. 

So  far  we  have  been  focussing  attention  upon  the  male  curves.  If 
we  now  turn  to  the  female  data,  however,  it  is  immediately  apparent 
that  whatever  differences  appear  are  essentially  of  degree  not  kind. 
In  their  general  course  the  three  female  curves  are  essentially  like 
the  three  male  curves. 

Altogether  it  may  fairly  be  said  that  the  exhibition  of  specific 
death  rates,  meager  as  is  the  specificity  in  respect  of  race,  has  served 
to  define  a  large  and  important  problem.  If  we  could  get  compilations 
of  deaths  and  populations  separately  for  each  racial  group  by  age, 
sex,  occupation,  nativity  and  parent  nativity,  how  much  farther  we 
could  carry  our  knowledge  of  the  factors  influencing  human  mortality. 

Already  the  attempt  has  been  made  to  carry  the  analysis  of  racial 
factors  in  mortality  in  this  country  farther.  Dublin  and  Baker  (loc, 
cit.)f  by  means  of  data  specially  obtained  from  the  Census  Bureau, 


612  RAYMOND  PEABL. 

have  recently  studied  in  a  most  interesting  and  profitable  manner  the 
mortality  of  different  raee  stocks  in  New  York  and  Penn^lvanii. 
Dublin  (11)  earlier  had  made  a  similar  study  for  certain  race  stocb 
in  New  York. 

Dublin  and  Baker  examined  separately  certain  important  eaosea 
of  death.     Their  findings  were  as  follows: 

Tuberculosit  of  Lungs. — The  outstanding  feature  relative  to  polmoMij 
tuberculoBiB  is  the  very  unfavorable  position  of  the  Irish.  Both  sexea  mffei  flx- 
traordinarity  from  this  disease  during  the  greater  part  of  life  (S5-84).  At 
25-41  the  rates  for  Irish  males  are  twice  as  high  as  for  natives,  and  in  tlM 
age  period  45-64  the  excess  is  even  greater.  The  death  rate  among  Irish  inalei 
from  tnbercutosiB  continues  high  even  at  the  advanced  ages.  The  facts  iritli 
regard  to  the  Irish  in  the  two  states  studied,  are  very  different  indeed  from  tho* 
in  the  native  country,  both  as  to  the  high  rates  obtained  and  the  general  configwi' 
tion  of  the  mortality  curve.  German  and  British  males  also  show  higher  tnl>eTOi 
loais  rates  than  the  native-bom  at  the  older  age.  On  the  other  hand,  th«  Italiui 
Botsians  and  Anstro- Hungarians  present  comparatively  low  tubercnlona  deatk 
lates.  At  most  of  the  age  periods  they  are  even  lower  than  for  the  native  boiE 
Italian  females  in  Mew  York  show  a  striking  exception  to  the  usiial  rule  in  thai 
their  rates  are  higher  than  those  for  males,  especially  in  earlv  life.  Othenria 
there  are  no  important  differences  in  the  several  race  groups  with  reference  tc 
this  disease. 

Cancer. — Practically  every  foreign  race  group  shows  higher  cancer  rates  than  d< 
tha  nntive-born.  Italian  males  and  females  offer  the  only  dear-cut  exception*.  Ai 
the  age  period  45-64,  foreign-bom  males  show  rates  from  50  to  100  per  teat 
higher.  The  conditions  among'  the  Irish  are  strikingly  bad.  Among  females  it 
ages  45-64.  (he  Oermnn*  and  the  British  alao  show  higher  rates  than  ilo  tie 
native-born,  but  the  extess  In  not  ns  ninrked  .is  it  is  nniong  the  Irish. 

Orgnaic  Buciista  uf  the  Ri-ari.—X^am  the  Irish  present  the  highest  rates.  lA- 
lowed  by  the  British  and  the  (iermiiiis.  The  eonditionh  i)rpvailing  among  these  fron 
Austriii-HuiiEiiry,  Russia  .ind  Italy  are,  on  the  whole,  very  f.Tvorable  with  reprJ 
to  this  disease.  It  is  very  diilicult  to  understand  the  roa.=on  for  the  nberrant 
death  rntes  niiiong  the  Irish  in  Ponnsylvniiia  and  New  York,  for  they  are  so  motli 
higliLT  tliiin  arc  tliosc  for  the  mitive  stock  and  for  the  Irish  in  their  own  country- 

Piicnumia.  all  forms.— From  .iges  4.1-84,  Ihe  rates  of  the  native-Vorn  arf 
mucli  the  lowesl.  The  Trisli  are  again  under  Ibe  greatest  handicap,  their  ralfi 
being  about  three  times  a,i  high  at  aged  4."-64.  The  rates  for  Italians  ate  veT 
unfiivoriil>le  also  at  ages  4,i-94.  The  disadvantage  of  the  Germans.  British  anl 
Russian?"  it  le-is  among  femaien  than  among  males.  The  position  of  the  Aujtro- 
Ilujicarians  is  htv  miieli  the  same  as  the  native-born  at  25-64. 

Brifiht  's  7lMf!iw. — .Again,  we  must  record  the  very  unfavoriible  position  nhicli 
the  Irish  oepiipv.  From  ^ri-fi-i  year.s  of  ago,  the  rates  for  this  nationality  an 
about  li"i  per  eeat.  liiylier  than  for  the  native-born:  aniong  females,  the  eiew 
is  even  greater.  .\t  agi's  -I.T-S4,  the  rates  from  Bright 's  disease  arc  high  fw 
Austro  HunRariaiis,  Kiis-istis.  Oormnns  and  British,     The  position  of  the  Italian* 
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Violence  (excluding  suicide), — Deaths  from  this  cause  are  largely  from 
aecident,  and  we  find,  of  course,  that  the  positions  of  the  several  race  groups 
are  determined  by  the  extent  to  which  they  engage  in  occupations  that  expose 
them  to  such  dangers.  The  figures  are  especially  striking  for  Pennsylvania 
where  large  numbers  of  immigrants  find  employment  in  mills  and  mines.  Males 
of  all  the  important  foreign  groups  show  very  high  rates  from  this  cause,  the 
worst  conditions  prevailing  among  the  Austro-Hungarians,  followed  by  the  Irish 
and  Italians. 

Their  whole  study  Dublin  and  Baker  summarize  as  follows: 

1.  Of  the  three  main  groups  of  the  white  population  in  Pennsylvania  and  in 
New  York,  (a)  native-born  of  native  parents,  (h)  native-bom  of  foreign  or  mixed 
parentage,  and  (c)  foreign-born,  the  first  has  the  lowest  mortality.  This  is  true 
for  both  sexes  and  for  virtually  every  age  period,  but  it  is  most  marked  at  the 
adult  ages. 

2.  The  foreign-born  and  the  native-born  of  foreign  or  mixed  parentage, 
agree  much  more  closely  with  each  other  than  with  the  native  stock.  An  interest- 
ing exception  presents  itself,  however,  at  ages  25-44,  at  which  period  the  foreign- 
bom  have  a  great  advantage  over  the  native-born  of  foreign  or  mixed  parentage. 
Tbe  reason  for  this  is  the  predominance  of  the  Irish^  German  and  British  stocks 
among  the  first  generation  Americans  at  this  age  period.  After  age  45,  these 
two  groups  of  the  foreign  stock  are  of  the  same  racial  extraction,  and  their  death 
rates  are  in  very  close  agreement. 

3.  The  death  rates  of  the  component  groups  among  the  foreign-born  vary  con- 
siderably. The  Austro-Hungarians,  Russians,  and  Italians  present  altogether  favor- 
able conditions,  while  the  British,  Germans  and  Irish  show  death  rates  very  greatly 
in  excess.  This  is  especially  true  of  the  Irish,  whose  mortality  is  about  double  that 
of  the  native  stock.  The  rates  for  the  Germans,  British  and  Irish  are  much 
higher  in  America  than  in  their  own  countries.  Pulmonary  tuberculosis,  pneu- 
monia and  degenerative  diseases  including  heart  disease,  Bright 's  disease,  and 
cancer  are  largely  responsible  for  this  unfavorable  mortality. 

4.  The  findings  of  the  previous  study  for  Now  York  State  are  confirmed. 
The  unfavorable  conditions  of  life  and  work  among  foreign  races  to  which  at- 
tention was  directed  in  the  study  for  New  York  are  found  to  prevail  in  Pennsyl- 
^vania  as  well.  The  facts  emphasize  the  necessity  for  special  public  health  work 
for  the  people  of  foreign  origin.     The  much  more  favorable  economic  conditions 

mnder  Which  they  live  in  the  United  States  than  in  their  own  countries  should 
result  in  lower  death  rates.  But  in  several  instances,  we  find  that  this  does  not 
prevail;  the  facts  indicate  on  the  whole,  deterioration  rather  than  improvement. 
Is  it  possible  that  our  immigrants  are  not  representative  of  the  best  in  their 
native  countries!  It  has  often  been  supposed  that  the  immigrants  comprised  the 
most  vigorous  among  their  own  people;  the  results,  however,  do  not  confirm  this 
impression,  but  suggest  many  questions  for  further  inquiry. 

5.  It  is  very  important  that  a  study  similar  to  this  one  be  carried  out  as  soon 
as  the  results  of  the  1920  census  are  available,  to  determine  whether  any  differ- 
ences of  importance  have  appeared  in  the  interval  of  ten  years. 

Interesting  and  valuable  as  is  the  study  of  Dublin  and  Baker  it  is 
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plain  that  a  great  deal  ftprllier  remains  to  be  done  alotqr  smilar  linei. 
A  very  interesting  study  has  been  made  by  Easbnaa  (12)  of  tlie 
relation  of  parental  nativity  to  the  infant  mortality  of  Vkm  Ycak 
State.  It  brings  ont  in  such  a  clear  manner  the  significanee  of  what 
are  perhai>8  the  two  most  important  elements  in  determining  rata 
of  mortality,  namely,  innate  biological  eonstitntion,  on  one  hand,  and 
genejral  intelligence,  on  tlie  other  hand,  that  it  will  be  of  vahie  to 
examine  the  results  in  some  detail.  Tables  AlV  and  XV  (which  are 
Tables  y  and  VI  of  Eastman's  paper)  show  the  data. 

Commenting  on  Table  XIV  Eastman  8a3rs : 

The  strildxig  dlwrimilarity  existing  in  tiie.  relativie  impcuiaaee  of  tiie  mmal 
main  groups  of  eauses,  as  distinguished  between  the  natiTe-  sad  fenign-bon 
mothers,  is  at  onoe  apparent  eiren  on  a  casual  review.  The  infant  mortiliiif 
from  eonmnnieable  diseaseii  was  ahnoet  75  per  cent  greater  amona  diiUna  ni 
foreign  mothers  than  among  the  babies  of  nstire  mothers;  from  le^lratory  dit- 
easea  it  was  over  100  per  eent.  greater,  and  from  gastro-intestiinal  dissaws  Ihi 
excess  was  about  78  per  cent.;  but  the  rate  from  prenatal  and  otiber  eansee  iweoHar 
to  early  childhood  was  higher  among  the  native  element  by  over  20  pm  cent.  Par 
soifng  the  analysis  still  further,  by  dividing  the  total  number  of  foreign-bon 
mothers  into  the  same  two  groups  adopted  in  the  preeeding  tables,  we  find  theM 
diiferences  much  aeeentuated  when  the  native  etoek  is  compared  with  ^e  groi^ 
comprising  the  Italians,  Russians,  etc  The  otiier  foreign-bofn  mothera,  eonaidersd 
as  a  class,  also  exceeded  the  native  mothers  in  the  death  rates  from  eoramnnieahls, 
respiratory,  and  gaatro-intestinal  diseases^  but  the  rates  from  prenatal,  etc,  eaases 
were  identicaL 

Although  the  table  gives  us  a  very  fair  idea  as  to  the  relative  prevalence  of 
the  several  causes  among  certain  classes  of  the  population,  it  fails  to  show  the 
percentage  of  the  complete  number  of  deaths  from  any  particular  cause  tiiat 
was  attributable  to  each  of  the  three  classes  of  the  population. 

This  relation  referred  to  is  brought  out  in  Table  XV.  Regarding 
this  Eastman  says: 

Considering  first  the  deaths  of  children  of  native  white  mothers,  it  will  be 
noted  that  although  they  formed  57.9  per  cent,  of  all  the  deaths  from  all  causes, 
they  nevertheless  contributed  only  49.5  per  cent,  of  the  total  deaths  from  com- 
municable diseases,  45.4  per  cent,  of  all  the  deaths  from  respiratory  diseases^ 
and  49  per  cent,  of  the  total  mortality  from  gastro -intestinal  diseases.  At  the 
same  time,  67.3  per  cent,  of  all  the  deaths  from  premature  birth,  congenital 
debility,  congenital  malformations,  accidents  at  birth,  etc.,  were  of  children  of 
these  mothers.  In  contrast  with  these  it  is  interesting  to  observe  that,  notwith- 
standing the  fact  that  only  42.1  per  cent,  of  all  the  white  infant  deaths  occurred 
to  children  of  foreign-born  mothers,  50.5  per  cent.,  54.6  per  cent,  and  51  per  cent, 
respectively,  of  the  complete  infant  mortality  from  communicable,  respiratoiy 
and  gastro-intestinal  diseases  were  referable  to  them.    As  to  the  mortality  from 
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prenatal  causes,  however,  it  is  to  be  remarked  that  only  32.7  per  cent,  of  the 
total  from  these  causes  occurred  among  this  element  in  the  population.  This 
table  shows  also  that  the  high  death  rates  from  the  first  three  groups  of  diseases, 
incident  to  the  children  of  the  foreign-born,  were  particularly  attributable  to  the 
Italians,  Russians,  Poles  and  Austro-Hungarians. 

We  may  therefore  consider  that  our  previous  surmise  has  been  corroborated, 
namely,  that  the  chief  causes  of  infant  mortality  among  the  native  population 
originate  for  the  most  part  in  adverse  prenatal  conditions,  but  that  among  the 
foreign  element,  and  especially  the  Italians,  Poles,  etc.,  the  most  frequent  eausei 
of  death  are  communicable,  respiratory  and  gastro-intestinal  diseases. 

The  explanation  of  these  results  is  undoubtedly  in  general  terms  as 
follows:  The  fewer  deaths  from  prematurity  and  congenital  defects 
among  the  children  of  Italian  and  Slavic  mothers  indicate  that  superi- 
ority of  innate  biological  constitution  which  is  generally  associated 
with  emigrating  stocks.  On  the  other  hand,  the  high  death  rate  among 
these  infants  from  causes  which  Eastman  classes  as  communicable, 
respiratory  and  gastro-intestinal  is  chiefly  due  to  the  mothers'  igno- 
rance.   As  Eastman  says : 

It  is  not  to  be  wondered  at  that  they  are  the  dominant  causes  among  the 
foreign-born  population,  the  majority  of  whom  are  poor,  illiterate,  without  knowl- 
edge of  English  and  almost  wholly  ignorant  of  the  elements  of  modern  sanitation, 
and  inhabit,  as  a  rule,  the  most  congested  districts  of  the  large  manufacturing 
centers. 

Guilfoy  (13)  has  also  made  an  interesting  study  of  the  influence  of 
race  upon  mortality  in  New  York  City.  His  results  are  in  good  accord 
with  those  of  the  other  investigators  which  have  been  cited. 

VI. 

Vital  Index. 

The  writer  (6)  has  elsewhere  suggested  the  term  **  vital  index  " 
to  designate  that  measure  of  a  population's  condition  which  is  given 
by  the  ratio  of  births  to  deaths  within  a  given  time.  It  may  fairly  be 
said  that  there  is  no  other  statistical  constant  which  furnishes  so 
adequate  a  picture  as  this  of  the  net  biological  status  of  a  population  as 
a  whole  at  any  given  moment.  If  the  ratio  100  Births/Deaths  is 
greater  than  100  the  population  is  in  a  growing  and  in  so  far  healthy 
condition.  If  it  is  less  than  100  the  population  is  biologically  un- 
healthy. Depopulation  may  not  be  actually  occurring,  if  there  is  a 
sufficient  amount  of  immigration  to  make  up  the  deficiency  in  births. 
But  fundamentally  and  innately  the  condition  is  not  a  sound  one  from 
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a  biological  standpoint,  though  under  certain  circumstances  it  may  1m 
from  a  social  standpoint.  It  is  curious,  in  view  of  the  obvious  aagnifi 
cance  of  this  constant,  the  vital  index  of  a  population,  that  so  litth 
attention  is  paid  to  it  by  denK^raphers.  After  much  study  of  ii 
(mostly  unpublished)  I  am  convinced  that  no  single  figure  ^ves  & 
sensitive  a  measure  of  the  vitality  of  a  nation,  or  any  sabgronp  oJ 
people  as  this  does.  There  appears  to  have  been  no  adequate  genera 
discussion  of  it  since  that  of  Wernicke  (14)  in  1889,  and  even  h 
does  not  use  it  in  the  most  effective  manner  or  form,  Suodbarg  (17^ 
proposed  its  use  as  a  "  measure  of  civilization  "  of  different  peoples 
Rubin  (18)  criticized  Sundbarg,  but  only  in  respect  of  techniqae 
proposing  as  a  measure  of  civilization  D*/B  in  place  of  D/S,  whep 
i)  =  deaths  and  B^births.  During  the  present  year  Pell  (25)  ha 
dealt  with  the  idea  implicit  in  the  birth/death  ratio,  but  in  a  moe 
inadequate  manner. 

For  the  purposes  and  viewpoint  of  our  present  discnssion  thi 
constant  is  peculiarly  fitted.  One  of  our  main  problems  is  to  see  whi 
is  to  be  the  probable  future  course  of  the  several  racial  elements  I 
our  population.  No  better  indicator  of  this  could  be  had  than  th 
vital  indices  of  the  different  groups.  Unfortunately  we  find  oni 
selves  restricted,  just  as  in  other  parts  of  the  discussion,  by  a  lack  o 
the  raw  data  needful  to  undertake  a  properly  detailed  analysis.  I 
will  be  necessary,  as  in  all  of  the  previous  discussion,  to  make  the  bet 
of  a  somewhat  bad  case. 

In  Table  XVI  are  shown  four  vital  indices  for  urban,  rural  am 
total  births  and  dfaths  of  each  state  in  the  B.  B.  A.  for  the  year 
191.'»  to  1918  inclusive. 

The  significanec  of  the  several  indices  is  as  follows: 

_  100- (Births  of  whites  of  native  parents) 
Deaths  of  all  native  whites 

In  this  index  the  births  and  deaths  eome  from  an  identical  grooj 
of  the  population.  The  children  born  were  of  course  native,  and  theii 
parents  wore  also  native-born.  Tlie  deaths  were  of  native-bom,  i.e. 
the  same  group  as  the  parents  of  the  births.  All  racial  element; 
(white)  are  included  in  births  and  deaths,  but  all  are  Americans  in 
the  sense  of  nativity. 

100  (Births  of  whites,  both  parents  foreign) 
Deaths  of  foreign-born  whites 

Here  again  both  births  ami  deaths  eome  from  an  identical  group. 


Vital  Index  A  = 


Vital  Index  B  = 


u 
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The  births  are  children  of  foreigners  in  this  country.    The  deaths  are 
of  foreigners  in  this  country. 

Vital  Index  ^  _  JOO  (Births  of  negroes) 

Deaths  of  negroes 

This  needs  no  discussion. 

V>  1  T  H       7) ^—  i— ~—  ^^  whites) 

Deaths  of  whites 

This  is  for  comparison  with  C.  Both  C  and  D  are  true  vital  indices* 
in  the  sense  that  the  parents  of  the  births  in  the  numerator  are  drawn 
from  the  same  population  group  as  the  deaths  in  the  denominator. 

Unfortunately  on  the  basis  of  present  published  oflftcial  compila- 
tions of  statistics  these  four  are  the  only  significant  vital  indices  which 
can  be  drawn  up.  For  any  really  deep  understanding  of  what  the 
biological  effect  is  of  racial  fusion,  and  of  a  new  environment,  on  the 
net  vitality  of  populations  we  ought  to  have  a  whole  series  of  racially 
specific  vital  indices.  Here  again  there  is  no  practical  hope  of  getting 
these  from  purely  oflBcial  sources.  Some  one  must  come  forward  and 
finance  a  comprehensive  and  thorough  investigation  along  these  lines 
from  outside. 

The  facts  about  Indices  A,B,Cj  and  D  are  set  forth  in  Table  XVI. 
In  this  table  a  figure  in  italics  indicates  that  the  absolute  number  of 
births  and  deaths  on  which  the  index  is  based  is  in  each  case  less 
than  100.  It  will  be  noted  that  there  are  few  such  cases,  and  that 
they  are  practically  all  among  the  negroes  of  the  northern  states. 

This  table  presents  many  novel  points  of  great  interest.  We  may 
first  compare  vital  indices  A  and  B,  which  indicate  the  relative  bi- 
ological vigor  of  the  native-born  and  the  foreign-bom  populations  in 
this  country.  Taking  totals  first  we  note  that  for  each  grouping  and 
each  year  Index  B  is  much  larger  than  Index  A,  Except  for  the  rural 
population  B  is  more  than  twice  as  large  as  A,  Generally  speaking  the 
foreign  population  produces  in  this  country  approximately  two  babies 
for  every  death.  The  native  population  (as  defined  in  Vital  Index  A) 
produces  only  a  small  fraction  over  one  baby  for  each  death.  In  other 
words  the  native  population,  even  when  so  broadly  defined  as  by  Index 
A,  is  in  about  the  same  state  as  France  before  the  war,  and  not  in  as 
vigorous  a  state  as  the  French  population  is  now. 

An  examination  of  the  same  point  by  states  is  of  interest.  In 
Connecticut,  in  all  but  the  influenza  year  1918,  Index  B  was  approx- 
imately four  times  as  large  as  Index  A,  and  in  1918  it  was  three  times. 
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In  this  state  the  native  population,  even  when  so  broadly  defined  as 
to  involve  necessarily  only  one  full  generation  in  this  country,  did 
not,  in  any  of  the  four  years  reviewed,  come  within  a  long  distance 
of  reproducing  itself.  It  produced  only  about  0.8  of  a  birth  for  each 
death.    Biologically  that  situation  can  have  but  one  end. 

The  District  of  Columbia  is  in  many  respects  demographically 
unique.  Its  abnormality  is  well  reflected  in  the  vital  indices.  A, 
while  absolutely  small,  is  still  larger  than  B  in  each  of  the  four  years. 
The  foreign  population  of  the  District  succeeded  in  reproducing  itself 
in  only  one  of  the  four  years,  1917,  and  then  only  barely  so.  Because 
of  the  obvious  peculiarities  of  the  population  of  the  District  no  par- 
ticular significance  attaches  to  the  result  either  way. 

In  Indiana,  Kansas  and  Kentucky,  in  the  two  years  for  which  data 
are  available,  the  native  population  exhibits  greater  vitality  than  the 
foreign.  (Index  A  greater  than  B,)  The  only  exception  is  in  Indiana 
cities,  where  the  usual  relation  of  B  greater  than  A  prevails.  The 
foreign  population  makes  a  particularly  bad  showing  in  the  rural  por- 
tions of  these  states.  It  is  by  no  means  wholly  a  question  of  smaller 
numbers  involved.  For  example  in  1917,  4066  foreign  whites  died  in 
Indiana,  and  only  about  2000  more  (exactly  6305)  died  in  Connecti- 
cut. But  whereas  there  were  but  4952  births  of  which  both  parents 
were  foreign  in  Indiana,  there  were  20,341  such  births  in  Connecticut 
The  Indiana  foreign  population,  in  respect  of  racial  stamina,  age 
distribution  and  otherwise,  is  a  less  fit  and  vigorous  population  than 
;:'  the  Connecticut  foreign  population.    What  is  of  more  interest  is  the 

]*  comparison  of  Vital  Index  A  for  these  three  middle  western  states  with 

i  A  for  Connecticut.     We  shall  return  later  to  a  more  particular  dis- 

1^.  cussion  of  this,  merely  noting  now  that  Index  A  is  much  higher  in  the 

middle  west  native  population. 

Maine  is  like  Connecticut  in  the  general  trend  of  its  figures  for 

Index  A  and  Index  B.     So  also  are  the  other  New  England  states, 

Massachusetts,  New  Hampshire,  and  Rhode  Island,  with  differences  in 

I  degree  in  the  several  states.    Vermont  is  the  only  New  England  state 

having  Index  A  generally  larger  than  100. 

In  Maryland  the  native  white  population  is  reproducing  itself  less 
effectively  in  the  cities  than  the  foreign  white,  but  much  more  effec- 
tively in  the  rural  district.s,  making  for  the  whole  state  a  net  balance 
in  respect  of  biological  vitality  in  favor  of  the  native. 
j^  Michigan  shows  the  same  relation  as  Maryland  as  between  urban 

I  and  niral,  but  the  net  balance  of  the  total,  owing  to  the  distribution 
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of  tlie  popuUtioD  betwMSi  nrban  and  rural,  u  ii 

IGimesota,  Utah,  WadilngKm,  and  Wiaeooa 
degrees  the  Bame  phenomenon  we  have  seen  in 
Kmtncky.  The  native  pt^nlation  ib  reprodnc 
tively  than  the  foreign,  both  in  urban  and  mn 

New  Toit,  Ohio  and  PeonsylvMna  beh&Te  in 
Bngland  states,  the  foreign  populations  in  vaxj 
the  native  in  net  vitality. 

Nortii  Candina  and  Virginia,  the  cmly  sonth 
TaUe  Xn,  have  snail  fnreign  popoUtums,  eapee 
native  population  is  on  the  whole  definite^  ; 
vitaliiy  than  tlie  foreign. 

Snnuoarizing,  we  may  say  that  in  the  New 
the  exception  of  Vermont)  and  New  York  the 
not  reproducing  itself,  and  in  Vermont  onj^^  b 
rural  p(^ulati(m  of  New  Yo4  State  is  jnst  abi 
tween  births  and  deaths.  .The  foreign  popnlatio 
where  showing  a  fairer  degtw  of  vitality  except 
Utah  and  Wisconsin.  Also  in  the  rural  portions 
land  their  vital  index  falls  below  100.  The  gen 
the  inflnensa  year  1918  are  snmmarized  in  TaU 

The  relation  between  urban  and  rural  ptqi 
the  vital  index  is  interesting.  So  far  as  the  wh 
cenied,  we  note,  having  regard  for  indices  A  ani 
rules  hold  generalfy.  The  native  popalation  has 
cities  than  in  rural  districts :  the  foreign  popnla 
relation,  the  higher  index  being  for  the  city  popul 
and  with  all  factors  included,  as  they  are  in  the 
that  the  foreign  population,  as  it  is  actually  consi 
in  respect  of  age,  etc.,  is  a  biologically  fitter  p{ 
than  is  the  native;  while  the  native  population 
conditions. 

A  point  might  well  be  made  here  by  a  critic  of 
He  might  say:  "It  is  all  very  well  to  ahow  thi 
tion,  as  actually  constituted  in  this  country,  shov 
than  the  native,  but  this  fact  may  only  mean  thi 
tion  is  more  favorably  distributed  in  respect  oJ 
both  in  regard  to  deaths  and  to  reproduction,  ] 
tion  contains  a  great  many  more  people  than  th( 
early  adult  life,  which  is  the  period  of  a  higher 
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rate  and  a  low  death  rate,  all  the  results  you  have  shown  might  well 
appear  from  this  cause  alone.*' 

This  is  an  entirely  valid  criticism  so  far  as  any  evidence  we  have 
yet  presented  goes.  The  vital  indices  of  Table  XVI  are  crude  indices. 
We  need  age-specific  vital  indices  for  native-  and  foreign-born  popula- 
tions. 

Let  us  put  the  matter  in  this  way :  Suppose  that  a  gigantic  corral 
were  constructed  with  two  compartments.  Suppose  that  further  there 
were  put  into  one  of  these  compartments,  on  a  given  date,  all  the 
native-born  women  aged  20-24  inclusive  say,  while  into  the  other 
compartment  were  put  all  the  foreign-born  women  in  the  country  of 
the  same  ages.  Suppose  them  all  to  be  told  that  they  were  to  stay 
there  for  one  year,  but  that  men  could  have  free  access  to  the  corrals 
for  purposes  of  reproduction.  Finally  suppose  that  similar  corrals 
were  constructed,  and  the  women  impounded  in  them,  for  each  age 
group  from  say  10-14  at  one  extreme  to  55  and  over  at  the  other 
extreme. 

In  any  one  compartment  of  any  one  corral  during  the  year  (a) 
some  of  the  women  would  have  babies,  and  (6)  some  of  the  women 
would  die.  If  we  kept  statistical  record  of  these  events  we  could,  at 
the  end  of  the  year,  calculate  the  age  specific  vital  index  for  each 
group  of  women.  It  would  not  be  the  general  population  vital  index 
because  no  male  deaths  were  included  (and  cannot  be  because  of  lack 
of  published  data) .  But  it  would  be  an  age-specific  vital  index  for  the 
females  as  reproductive  units. 


TABLE  XVIII. 
Age  specific  vital  indices  for  nativetom  and  foreign-horn  women  in  B.  B,  A,  1919, 


Ages. 


10-14  . . 
15-19  . . 
20-24.. 
25-29.. 
30-34.. 
35-39  .. 
40-44.. 
45-49.. 
50-54.. 
55  and 
over. 


BirthB 
from 

mothers 
bom 

in  U.  8. 


391 

77,048 

258,876 

250,548 

166,777 

101,638 

33,832 

3,202 

68 

26 


Totalfl^    892,406 


Deaths 

Vital 

Births 

of 

indices 

from 

native- 

for 

foreign- 

born 

native 

born 

females. 

women. 

mothers. 

1         5,002 

7.82 

15 

1         7,763 

992.50 

10,768 

11,854 

2183.87 

74,247 

13,189 

1899.67 

102,429 

11,813 

1411.81 

83,326 

1       10,603 

958.58 

56,414 

j         9,511     , 

355.71 

18,878 

1       10,092    , 

31.73 

1,866 

!       10,926 

i 

.62 

54 

96,919 

.03 

13 

1     187,672 

348,010 

Deaths 

Vital 

of 

indices 

foreign- 

for 

horn 

foreign 

females. 

women. 

268 

5.60 

759 

1418.71 

2,120 

3502.22 

3,317 

3088.00 

3,583 

2325.59 

3,723 

1515.28 

3,566 

529.39 

4,120 

45.29 

4,968 

1.09 

47,478 

.02 

73,902 
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The  results  of  exactly  such  an  experiment  for  the  women  of  the 
B.  B.  A.  in  the  year  1919  are  shown  in  Table  XVIII. 

The  figures  in  Table  XVIII  show  plainly  enough  that  at  every  age 
between  15  and  54  inclusive  the  foreign-bom  women  have  higher 
specific  vital  indices  than  native-bom  women.  How  much  so  is  shown 
graphically  in  Pig.  14. 

As  a  reproductive  machine  the  foreign-bom  woman  far  excels  the 
native-born.  For  each  native-born  woman  dying  between  20  and  24 
years  of  age,  the  native-born  women  as  a  group  produce  approximately 
22  babies.  But  for  each  foreign-born  woman  dying  between  20  and 
24,  the  foreign-bom  women  as  a  whole  produce  35  babies.  It  is  in 
these  five  years  that  women,  under  conditions  of  life  as  now  socially 
organized  in  the  United  States,  do  their  best  work  biologically  for  the 
race,  **  best  "  being  taken  here  in  the  sense  of  biological  eflSciency  and 
economy. 

So  far  as  I  am  aware  no  attempt  has  been  made  hitherto  to  cal- 
culate age-specific  vital  indices.  They  picture,  as  exhibited  in  Table 
XVIII  and  Fig.  14,  an  extremely  interesting  biological  fact.  If  we 
had  such  indices  for  populations  of  lower  animals  in  different  en- 
vironmental situations,  we  should  be  in  a  position  to  know  a  great  deal 
more  than  we  now  do  as  to  the  method  of  evolution.  For  it  is  the 
net  balance  between  births  and  deaths  which  is  the  most  significant 
information  that  can  be  had  about  the  progress  of  the  struggle  for 
existence. 

It  may  be  objected  in  Table  XVIII  that  we  have  put  all  births 
(both  male  and  female)  against  only  female  deaths.  The  thought  in 
doing  this  was  that,  after  all,  females  have  to  produce  all  the  babies 
whether  the  latter  are  boys  or  girls.  If  one  wishes  to  postulate  the 
problem  in  this  way:  how  many  new  reproductive  machines  (females) 
do  women  of  a  specified  age  produce  as  a  class  for  each  similar  re- 
productive machine  lost  by  death,  then  of  course  one  should  take  onlj' 
female  births  in  computing  the  specific  vital  indices.  The  result  would 
be,  of  course,  that  the  births  and  consequently  the  indices,  Table  XVIII, 
would  be  about  one  half  as  large  absolutely  as  they  are  in  that  table, 
but  the  general  form  of  the  curve  of  Fig.  14  would  be  unchanged. 
What  would  be  of  great  interest,  but  which  we  now  unfortunately 
cannot  do,  is  to  make  a  table  corresponding  to  Table  XVIII,  but  for 
mdl^  instead  of  females.  Wliy  we  cannot  do  it  is  because  the  birth 
statistics  published  do  not  separate  fathers  by  both  age  and  nativity. 
We  can,  however,  get  fathers  of  all  nativities  by  age,  and  from  that  see 


how  the  earve  of  age-apeeiflo  vital  indioM  nm 
as  cotnpared  with  tiiat  for  femaka. 

The  data  for  male  age-speciflo  vital  indioea 
Tahle  XIX. 

TABUE  XnL 
Age  tpteifie  vital  (wHom  for  mm.  to  B.  S.  ^.  1919. 


AV»- 

luniu. 

Dntla. 

IS 

190,061 
338,605 

313,3M 
389,878 
131,03S 

10,138 

.ffl 

i^ 

ao-34 

» 

20i07 

45-49  

Mandorer 

1(B,«7 

Totola 

1,823,267 

316,460 

The  fltrikiDg  differences  between  the  vital 
fmd  those  of  Table  XVIIJ  are  the  higher  valaes 
in  the  ages  after  25  or  30,  and  the  lower  vali 
apeeific  vital  index  enrve,  as  ahown  in  Fig.  IS 
more  spread  out  in  general  than  the  female  cnn 
be  expected  from  the  known  facts  about  the  i 
productive  capacities  relative  to  age. 

With  the  data  for  specific  vital  indices  in  1 
to  do  would  be  to  proceed  to  the  calculation, 
B.  R.  A.  as  a  whole,  of  vital  indices  corrected  fc 
of  the  several  populations.  Unfortunately,  he 
in  so  many  others,  we  are  balked  in  the  perfori 
enterprise  because  the  raw  materials  are  not  i 
publications  as  to  make  it  possible.  We  shall 
direct  methods  to  check  up  with  more  critical  c 
have  drawn  from  the  crude  vital  indices  in  Tal 

The  chief  conclusions  to  which  we  have  coi 
amination  of  vital  indices  are  these: 

First,  that  generally  index  B  (foreign  popi 
index  A  (native  population). 

Second,  that  generally  index  A  is  higher  fo 
populations. 
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Third,  that  generally  index  B  is  higher  for  urban  than  for  rural 
populations. 

We  have  now  to  ask  this  question:  are  these  differences  such  in 
direction  and  magnitude  as  might  reasonably  be  expected  to  arise 
merely  from  differences  in  the  age  constitutions  of  the  several  popula- 
tions involved? 
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Fio.  15.     Age-specific  vital  indices  for  males  (see  text). 
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As  the  first  step  in  answeriDg  this  questioQ  Tatde  XX  is  preseiileL 
This  shows  for  each  state  in  the  B.  R.  A.,  in  1917  and  1918,  tin 
percentage  of  women  of  ages  15  to  44  inclusive  in  the  following  di- 
visions of  the  population  in  1910:  (a)  nrban  native-bom  white,  (b) 
rural  native-bom  white,  (c)  nrban  foreign-bom  white,  (d)  rural  for 
eign-born  white.  The  ages  15  to  44  were  chosen  because  Table  XVill 
shows  that  it  is  only  within  these  years  that  the  female  age-8peei£c 
vital  indices  rise  to  values  greater  than  100. 

TABLE  XX. 


PereetUaffe  of  women 

lS-44 

yeoTM 

of  ag 

ui  Ihe  popvlatioK 

m  1910. 

8UU. 

Otdsr. 

Nmtive 
urhuL 

Ord«. 

runL 

Order. 

FondcD 

urbu. 

OnJer 

'^ 

19 
4 
6 
7 
3 
20 
12 
IS 

'J 

21 
IS 
10 

8 
14 

17 
13 
16 

5 

9 

45.0 
52.7 
52.4 
52.8 
53.8 
44.9 
50.8 
45.3 
51.1 
54.3 
42.9 
48.0 
51.4 
62.2 
48.6 
45.4 
50.4 
46,3 
.'i2.5 
54.9 
52.0 

20 

38.8 

2 
15 
17 

20 

21 
8 

16 
3 

13 

11 
4 
1 
9 

14 
7 
6 

19 

10 
5 
IS 

64.7 

S4.5 
49.2 
46.6 
34.2 
61.3 
54.0 
64.4 
55.4 
58.1 
63.4 
61.8 
58.7 
55.0 
62.3 
62.5 
46.9 
56.0 
58-1 
62.8 
48-6 

4 

58.1 

5 
1 
6 
16 

4 
19 
11 

8 
18 
10 
12 

7 
14 
17 
13 
15 

9 

3 

45.3 
46.3 
44.4 
40.9 
45.5 
40.1 
43.7 
44.3 
40.3 
43.7 
43.3 
44.4 
42.1 
40.5 
43.1 
41-6 
43.8 
45.7 
45-6 

20 
16 
19 

6 
12 

3 
13 
14 

5 
10 

9 
15 

2 

1 
17 

IS 

KoDSttB 

400 

46i 

42.4 

New  York         

m 

53.1 

Ohio 

PennBylvania 

41.B 
63.g 

Utah 

Vii^nia , , 

39.5 
47.1 
54.3 

3fi.6 

From  this  table  it  is  seen  that,  with  some  few  exceptions,  ths 
following  relations  generall.v  hold:  The  most  favorable  population  in 
respeet  of  (lie  age  Llistribiitioii  relative  to  vital  index  of  females  is 
the  foreign  urban,  nest  eonies  the  native  urban,  next  the  foreign  rural, 
and  last  the  native  rural. 

Turning  now  to  our  first  eonclusion  we  have  tlie  following  ques- 
tion: if  the  proportion  of  feniiile.s  1:5-44  were  the  same  in  the  native- 
born  population  tliat  it  is  in  the  foreign-born  population  woulil  the 
former  popniation.  in  any  of  its  divisions,  show  as  high  valne.s  for 
the  vital  liulex  ns  the  latter  population  actually  exhibits?  The  answer 
jit  onee  is  that  it  eonld  not.  beeanse  Table  XVIII  shows  that  in  eaoh 
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age  class  between  15  and  45  foreign-born  women  have  a  higher  specific 
vital  index  than  do  native-born  women,  and  if  these  indices  were 
multiplied  by  the  same  population  numbers  the  latter  group  would  be 
bound  to  show  a  lower  average  vital  index  as  a  group.  In  other  words, 
the  foreign-born  population  has  both  a  more  favorable  age  distribu- 
tion for  the  vital  index,  and  also  higher  specific  indices  than  the 
native-born. 

The  next  question  is :  is  the  higher  value  of  Index  A  for  the  rural 
native  than  the  urban  native  population  due  to  a  more  favorable  age 
distribution  of  the  former?  As  an  aid  to  answering  this  question 
Fig.  16  is  presented. 
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Fio.  16.  Showing  (a)  percentage  of  native-bom  women  15-44  in  urban 
population,  (&)  percentage  of  native-born  women  15-44  in  rural  population,  (c) 
Vital  Index  A  for  urban  population,   (d)   Vital  Index  A  for  rural  population. 

The  figure  shows,  first,  the  percentage  of  native  women  in  the  age 
period  15-44  inclusive  in  the  urban  population,  the  states  being  ar- 
ranged in  descending  order  of  magnitude  of  this  percentage.  Next  is 
plotted  the  percentage  of  this  class  of  women  in  the  rural  population. 
It  will  be  seen  that  in  general  this  line  runs  parallel  to,  and  everywhere 
below,  the  first.  In  other  words,  the  age  distribution  of  the  rural 
population  is,  in  every  state  included,  distinctly  less  favorable  to  a 
high  value  of  the  vital  index  than  is  that  of  the  urban  native  popula- 
tion. 
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Against  these  percentages  taken  from  Table  XX  are  plotted  urban 
and  rural  values  of  Vital  Index  A  for  the  same  states,  taken  from 
Table  XVI.  The  striking  thing  at  once  apparent  is  that,  with  the 
exception  of  the  three  states  Vermont,  Massachusetts,  and  Connecticut, 
the  urban  line  lies  everywhere  "below  the  rural,  by  an  amount  gen- 
erally substantially  in  excess  of  that  which  separates  the  percentage 
lines.  In  other  words,  we  see  that  while  the  native  urban  percentage  of 
females  in  the  child-bearing  ages  is  higher  than  the  native  rural 
percentage,  and  would  therefore  lead  to  the  expectation  of  higher  vital 
indices  in  the  former  population,  actually  the  vital  indices  show  the 
opposite  relation.  In  view  of  these  facts  there  can  be  no  doubt  of  the 
justice  of  our  conclusion  that  rural  conditions  are  substantially  more 
favorable  to  the  biological  vitality  of  the  native  population  than  are 
urban  conditions.  Or,  put  in  another  way,  the  native  population  ap- 
pears to  be  better  adapted  biologically  to  country  than  to  city  life. 

The  data  are  plotted  on  a  logarithmic  scale  in  order  that  slopes  of 
the  lines  may  be  comparable.  It  is  seen  that  in  general  the  four  lines 
run,  in  respect  of  their  slopes,  about  parallel  from  the  left  margin  of 
the  diagram  to  and  including  Maryland.  Utah's  vital  indices  are 
much  higher  than  would  be  expected  from  the  age  distribution  of  the 
child-bearing  population  alone.  After  that  point  clear  to  the  right 
edge  of  the  diagram,  the  relation  between  age  distribution  of  the 
population  and  the  values  of  the  vital  indices  is  obviously  of  a  differ- 
ent order  from  that  exhibited  in  the  first  half  of  the  diagram.  The 
New  En^^land  states,  for  these  are  the  ones  here  included,  together  with 
Pennsylvania  and  New  York,  have  much  lower  vital  indices  for  their 
f  1  native  populations  than  the  proportion  of  child-bearing  women  would 

'l\  entitle  them  to,  on  the  basis  of  the  showing  of  the  other  states.     This 

can  only  mean  that  in  the  New  England  states  especially,  and  to  a  less 
degree  in  New  York  and  Pennsylvania,  the  age-specific  vital  indices 
of  the  native-born  women  must  be  extremely  low.  The  native  popula- 
tions of  those  states  are  in  a  biologically  unhealthy  condition. 

The  next  question  is:  is  the  general  superiority  of  the  foreign 
population  in  respect  of  the  vital  index  in  urban,  as  compared  with 
rural  environments,  chiefly  due  to  a  more  favorable  age  distribution  of 
the  child-bearing  population  in  the  former  ease? 


■is 


[j  Fip^uro  17  puts  the  available  data  in  graphic  form. 
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B:jj  The  data  plotted  in  this  figure  are  the  same,  mutatis  mutaudis,  as 

i^*'  tliose  in  Fig.  16.    The  results,  however,  are  quite  different.     Here  the 

l|t  urban  vital  index  lino  lies  generally  above  the  rural.    In  other  words. 
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it  is  apparent  that  a  substantial  part  of  the  superiority  of  the  forei^ 
vital  index  under  urban  conditions  must  be  in  fact  merely  due  to  the 
more  favorable  age  constitution  of  the  urban  as  compared  with  the  rural 
foreign  population.  Probably  in  most  of  the  states  nearly  all  of  the 
superiority  is  due  to  this  factor.  It  is,  however,  of  interest  to  note 
that  the  vital  index  lines  in  Fig.  17  do  not  parallel  throughout  their 
course  the  age  percentage  lines,  in  respect  of  their  slopes.  The  last 
8  or  so  states  at  the  right  end  of  the  diagram  show  generally  lower 
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FiO.  17.  Showing  (a)  percentage  of  foreign-born  women  15-44  in  urban 
population,  (&)  percentage  of  foreign-born  women  15-44  in  rural  population,  (c?) 
Vital  Index  B  for  urban  population,   (d)   Vital  Indeic  B  for  rural  population. 


vital  indices,  both  urban  and  rural,  than  would  be  expected  from  the 
age  constitution  of  the  population,  on  the  basis  of  the  other  states 
included  in  the  diagram.  These  are  middle  western  states  for  the 
most  part,  where  the  foreign-born  population,  while  socially  more 
desirable  perhaps  than  the  foreign-born  population  of  the  more  highly 
industrialized  eastern  states,  is  nevertheless  a  biologically  less  vigorous 
population. 

The  question  of  the  secular  trend  of  the  vital  index  of  the  several 
components  of  our  population  is  of  great  interest,  but  cannot  be 
satisfactorily  dealt  with  for  two  reasons:  first,  because  only  four 
years  are  available  and  one  of  these  is  highly  abnormal  because  of 
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the  influenza  epidemic ;  and  second  because  the  B.  B.  A.  changed  its 
composition  radically  by  addition  in  the  middle  of  the  period.  In 
consequence  of  this  latter  point  the  totals  for  1917  and  1918  are  not 
comparable  with  those  for  1915  and  1916.  When  data  have  accumu- 
lated for  a  larger  number  of  comparable  years  it  will  be  profitable  to 
go  into  the  problem  in  detail.  The  writer  hopes  then  to  return  to 
the  matter. 

There  is  one  point  of  interest  in  the  general  connection  discussed 
here,  namely,  the  effect  of  the  influenza  epidemic  in  the  vital  indices. 
Comparing  the  totals  of  1918  with  those  of  1917  it  appears  that : 
Vital  Index  A  (native  white  population)  for  cities  fell  23.8  points  or 

20  per  cent,  of  its  value  in  1917. 
Vital  Index  A   (native  white  population)   for  rural  areas  fell  32.9 

points  or  19  per  cent,  of  its  value  in  1917. 
Vital  Index  A  (native  white  population)  fo»  total  areas  fell  29.3  points 

or  20  per  cent,  of  its  value  in  1917. 
Vital  Index  B  (foreign  white  population)  for  cities  fell  61.4  points 

or  27  per  cent,  of  its  value  in  1917. 
Vital  Index  B  (foreign  white  population)  for  rural  areas  fell  37.7 

points  or  24  per  cent,  of  its  value  in  1917. 
Vital  Index  B   (foreign  white  population)   for  total  areas  fell  53.4 

points  or  26  per  cent,  of  its  value  in  1917. 
Prom  these  figures  it  is  evident  that  the  epidemic  reduced  the  net 
vitality  of  the  population  from  1/5  to  1/4  of  what  it  was  in  the  pre- 
cedinfi^  year.  This  was  a  sharp  blow.  Further  it  appears  that  rural 
populations  were  slightly,  but  probably  not  significantly,  less  damaged 
relatively,  in  a  biological  sense,  than  urban  populations.  The  foreign 
population  was  definitely  harder  hit  biologically  than  the  native.  This 
might  reasonably  have  been  expected  from  all  that  we  know  of  the 
general  hygienic  ignorance  of  this  element  of  the  population. 

Let  us  now  turn  to  the  examination  of  Vital  Index  G  for  the  negro 
population  in  comparison  especially  with  Z>  (total  white  population) 
and  A  (native  white).  The  material  includes  only  three  southern 
(or  border)  states  with  large  negro  populations,  namely  North  Car- 
olina, Virginia  and  Maryland.  In  a  number  of  the  northern  states, 
however,  the  negro  population  is  large  enough  to  furnish  births  and 
deaths  in  sufficient  magnitude  to  give  reliable  indices. 

The  immediate  and  striking  thing  which  our  indices  exhibit  in 
comparing  G  and  I)  is  the  low  value  of  the  former  compared  with  the 
latter.    Indeed  one  may  say  generally  that,  except  in  the  rural  districts 
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of  the  southern  states,  practically  never  does  the  vital  index  of  the  negro 
population  rise  to  a  value  of  as  much  as  100.  But  plainly  enough 
any  population  with  a  vital  index  under  100  is  a  dying  population. 
Such  a  population  is  bound,  in  the  fullness  of  time,  to  disappear  com- 
pletely, if  nothing  whatever  is  done  about  the  case.  Nowhere  in  cities, 
even  in  the  southern  cities,  does  the  value  of  the  negro  vital  index  get 
to  100  in  a  fairly  normal  year  such  as  1917. 

Even  in  rural  portions  of  the  B.  R.  A.  the  negro  index  does  not 
approach  in  magnitude  the  total  white  index  nor  the  native  white 
index  for  the  same  communities.  This  is  true  in  southern  states  as 
well  as  in  northern.  It  would  be  diflScult  to  find  a  more  complete  and 
critical  demonstration  than  that  furnished  by  these  indices  of  the 
fact  that  the  negro  is  biologically  a  less  fit  animal,  in  the  American 
environment  physical,  social  and  general,  than  the  white.  It  is  idle 
to  argue  that  if  the  negro  were  given  a  better  chance,  in  a  broad  en- 
vironmental sense,  he  might  exhibit  a  degree  of  biological  fitness,  as 
measured  by  the  vital  index,  equal  or  superior  to  that  of  the  whites. 
Nobody  knows  whether  that  is  true  or  not.  And  the  important  things 
are  the  facts  as  they  are.  Under  conditions  as  they  are.  Nature,  by  the 
slow  but  dreadfully  sure  processes  of  biological  evolution,  is  apparently 
solving  the  negro  problem  in  the  United  States,  in  a  manner  which, 
when  finished,  will  be  like  all  of  Nature's  solutions,  final,  complete 
and  absolutely  definite.  Just  in  direct  proportion  as  the  negro  becomes 
anything  but  an  agricultural  laborer  in  the  southern  states  does  he 
hasten  the  time  of  his  final  extinction  in  this  country.  If  he  elects, 
which  he  will  not,  to  become  exclusively  a  farm  laborer  in  the  southern 
states,  either  for  himself  or  somebody  else,  he  must  strictly  limit  his 
birth  rate,  which  again  he  will  not  do,  to  the  point  where  the  numbers 
of  his  population  will  not  exceed  the  economic  demand  and  necessity 
for  that  particular  kind  of  population,  namely  negro  farmers.  It 
would  appear  that,  by  nature,  the  negro  is  biologically  fitted  only  to 
be  in  this  country  just  precisely  what  he  was  before  the  Civil  War, 
namely,  an  agricultural  laborer  in  the  South.  This  does  not  mean,  of 
course,  that  there  is  any  biological  justification  for  the  institution  of 
slavery.  On  the  contrary,  as  the  South  learned  to  its  bitter  cost, 
slavery  is  a  most  unstable  and  unbiological  institution.  But  subtract 
slavery  from  the  issue,  as  it  happily  has  been  subtracted,  and  the 
certainty  of  the  biological  conclusion  cannot  be  shaken,  so  far  as  the 
experience  of  the  last  50  years  may  be  taken  as  indicative,  and  that 
is  a  fairly  long  time. 
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It  18  of  interest  to  examine  the  eompsrative  effeet  of  tlM  iaBmam 
epidemic  on  negro  and  white  populations.  Taking  totals  as  beta 
for  1918  as  compared  with  1917  we  haye: 

Vital  Index  C  (negro  population)  for  cities  fell  12.8  pmnts  or  Ifi 

per  cent  of  its  value  in  1917. 
Vital  Index  C  (negro  population)  for  rural  areas  fell  27.8  points  <xr  19 

per  cent,  of  its  value  in  1917. 
Vital  Index  C  (negro  population)  for  total  areas  fell  20.6  points  or 

18  per  cent,  of  its  value  in  1917. 
Vital  Index  D  (total  white  population)  for  cities  fell  41.0  points  or 

24  per  cent,  of  its  value  in  1917. 
Vital  Index  D  (total  white  population)  for  rural  areas  fell  36.6  poinii 

or  20  per  cent,  of  its  value  in  1917. 
Vital  Index  D  (total  white  population)  for  total  areas  fell  39.2  poind 

or  22  per  cent,  of  its  value  in  1917. 

The  figures  show  that  biolc^cally  the  negro  population  of  the  B. 
B.  A.  was  distinctly  less  severely  damaged  by  the  epidemic  than  tte 
white  population.  The  relation  between  urbaA  and  rural  areas  is 
exactly  the  reverse  for  negroes  of  what  it  is  for  whitls.  The  mnl 
negro  population  index  was  reduced  more  by  the  epidemic  than  tke 
urban  negro  index,  both  absolutely  and  relatively. 

VJI. 

Conclusion. 

Out  of  the  mass  of  statistical  detail  which  has  been  presented  in  the 
preceding  sections  what  sort  of  a  general  picture  emerges  ?  Have  wc 
answered,  on  the  basis  of  vital  statistics,  our  initial  question  as  to 
what  kind  of  a  population  this  country  is  likely  to  harbor  in  the  future, 
near  or  remote? 

It  must  be  regretfully  stated  that  we  have  not  been  able  to  answer 
this  question  in  any  final  or  particularly  satisfactory  manner.  I  think, 
however,  that  it  may  fairly  be  said  that  we  have  shown  that  the 
responsibility  for  this  failure  is  not  primarily  ours.  It  arises,  as  has 
been  specifically  pointed  out  in  many  places,  because  in  the  first  in- 
stance the  existing  oiBcial  information  is  not  tabulated  in  such  a  way 
as  to  make  possible  many  of  the  inquiries  we  should  like  to  undertake 
and  which  are  absolutely  essential,  if  we  are  ever  to  have  any  deep 
understanding  of  our  demography.  In  the  second  place,  some  informa- 
tion which  is  needed  is  not  collected  at  all. 
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So  far  as  the  first  of  these  difficulties  is  concerned,  I  am  of  the 
opinion  that  but  one  solution  is  practically  feasible  or  possible.  It 
is  for  some  private  foundation  or  ^oup  of  individuals,  who  may  be 
sufficiently  interested,  to  come  forward  and  finance  an  investigative 
organization  for  a  period  of  years,  to  work  in  cooperation  with  the 
Census  Bureau  (a  cooperation  which  the  Census  Bureau  would 
probably  gladly  enter  into) .  What  this  organization  would  do  would 
be,  in  the  first  place,  to  tabulate  in  various  new  ways  the  raw  data  as 
to  births  and  deaths,  and  in  the  second  place  proceed,  after  the  pre- 
liminfiry  tabulations  were  finished,  to  an  exhaustive  biometrical  anal- 
ysis of  the  data.  The  project  is,  from  the  standpoint  of  expense,  by  no 
means  an  impossible  one,  and  I  can  think  of  no  investigation  likely  to 
have  such  far-reaching  anthropologic,  eugenic,  social,  and  even  per- 
haps economic  consequences,  as  this  would.  It  is  as  true  today  as 
it  was  a  quarter  of  a  century  ago  when  the  eminent  statistician.  Dr.  6. 
B.  Longstaflf  (15),  said  in  a  meeting  of  the  Royal  Statistical  Society, 
devoted  to  a  discussion  of  the  official  statistics  of  the  United  States, 
that: 

As  a  theater  of  stntistical  investigation  at  the  present  time,  no  country  in  the 
world  was  so  interesting  as  the  United  States,  but  with  the  imperfect  tools  at 
command  they  were  unable  to  deal  with  a  number  of  problems,  quite  unequalled 
elsewhere  for  magnitude  and  interest 

This  is  not  the  place  to  present  detailed  plans  for  such  an  organiza- 
tion as  that  suggested,  whether  for  its  budget  or  its  specific  problems. 
The  most  I  can  hope  for  is  that  the  discussion  set  forth  in  these  pages 
may  excite  sufficient  interest  in  the  whole  matter  to  make  it  profitable 
to  outline  specific  plans  for  a  real  investigation. 

Incomplete  as  our  picture  is  as  compared  with  what  we  should  like 
to  have,  it  still  is  a  fact,  I  think,  that  the  material  which  has  been 
presented  in  these  pages  does  give  a  little  clearer  and  more  compre- 
hensive view  than  we  have  hitherto  had  of  present  tendencies,  working 
in  that  great  struggling  mass  of  more  than  one  hundred  millions  of 
individuals,  who  collectively  make  up  the  soul  and  body  of  these 
United  States.  Let  us  endeavor  to  summarize  briefly  what  our  findings 
are. 

In  the  first  place  our  population  has  indubitably  passed  the  point 
of  inflection  of  its  growth  curve,  and  from  now  on  we  may  confidently 
expect  an  ever-increasing  pressure  of  population  on  the  means  of 
subsistence,  to  use  Malthus's  classical  phrase.     The  vital  question  is 
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what  kind  of  people  are  to  inherit  the  blessings  which  Providence 
has  so  lavishly  bestowed  upon  our  portion  of  the  North  American 
continent?  All  cannot  have  them.  There  is  not  room  enough.  Man 
still  breeds  so  fast  that  at  all  too  frequent  intervals  he  resorts  to  force 
to  determine  whether  his  or  some  other  particular  kind  of  people  are 
going  to  enjoy  the  pleasures  of  continued  existence. 

The  struggle  may  be  varied  in  its  manner.  Economic  pressure 
may  in  the  long  run  be  as  effective  an  eliminant  as  machine  guns.  In 
general,  unless  forcibly  prevented — which  means  finally  by  murder 
and  sudden  death — that  people  will  inherit  the  earth  and  the  fullness 
thereof  which  has  habitually  the  highest  vital  index.  The  advocate 
of  birth  control  as  a  solution  of  the  problem  of  population  should 
remember  this,  and  draw  from  it  the  logical  conclusion  that  if,  for 
any  reason  whatever,  he  does  not  want  the  people  who  have  the  highest 
vital  index  to  be  the  inheritors,  he  must  be  prepared  to  do  something 
a  good  deal  more  violent  than  merely  to  control  the  birth  rate  of  his 
own  kind  of  people  which  is,  in  practical  effect,  about  all  that  he  has 
done  so  far.  And  he  must  not  forget  that  people  who  have  a  high 
vital  index  are  apt  as  a  group  to  be  pretty  good  fighters,  in  a  technical 
military  sense. 

In  the  United  States  at  the  present  moment  certain  broad  facts 
seem  to  be  outstanding  in  their  significance  for  the  future.    They  are: 

1.  That  newly  arrived  foreigners  rather  speedily  fuse  effectively 
with  the  stocks  already  here,  to  a  degree  much  greater  than  is  p^^ 
supposed,  at  least  in  most  popular  discussions  of  the  subject  of  im- 
migration and  related  matters.  The  temperature  of  the  melting  pot  is 
higher  than  we  generally  give  it  credit  for  being.  It  really  melts  to  a 
definite  and  significant  degree. 

2.  That  immigrant  stocks  are  in  the  stark,  raw  business  of  ^^ 
production  vastly  superior  to  native  stocks,  even  to  native  stocks  which 
have  been  hero  only  a  generation  or  two.  Beyond  this  point  there  is 
no  definite  evidence,  but  all  that  can  be  inferred  from  the  meager  data 
available  seems  to  indicate  that  it  is  a  general  rule  that  the  farther 
we  get  in  the  fusion  process  from  pure  fresh  immigrant  stock  the 
lower  the  vital  index  becomes.  The  end  of  the  series  is  represente<i 
by  the  native  stock  of  New  England  which  is  simply  passing  away, 
with  considerable  rapidity. 

3.  That  native  stock  does  better,  in  a  biological  sense,  under  rural 
than  under  urban  conditions,  while  the  opposite  is  true  for  immigrant 
stock. 
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From  the  standpoint  of  quality  of  the  population  in  respect  of 
health,  intelligence,  and  all  round  efficiency,  it  is  suggested  that  the 
wisest  policy  from  now  on  for  the  country  to  pursue  would  be  one 
which  might  be  called  intermittent  or  periodic  immigration.  Let  all 
immigration  of  any  sort  whatever  be  rigidly  and  completely  prohibited 
for  a  period  of  say  20  years,  to  be  followed  by  a  period  of  say  10  years 
of  free  immigration,  with  only  such  restrictions  physical,  economic  and 
criminal,  as  we  have  in  the  immediate  past  imposed.  During  the  period 
of  no  immigration  the  foreigners  of  the  last  influx  and  their  children 
would  become  sensibly  assimilated  and  fused  into  the  American  pop- 
ulation. For  the  most  part,  they  would  have  become  Americans  in  a 
real  sense  of  the  word.  Such  a  plan  would  further  provide  for  that 
periodic  inflow  of  new  blood,  of  low  living  standards,  which  seems  to 
be  both  an  economic  and  social  necessity,  at  least  to  civilizations  which 
are  still  in  the  stage  of  industrial  development  and  exploitation.  Fi- 
nally such  a  plan  would,  so  far  as  one  can  foresee,  postpone  the  period 
of  pressing  over-population  as  long  as  it  can  humanly  be  postponed, 
without  the  necessity  of  resorting  to  internal  interferences  of  dubious 
practicability. 

The  United  States  has  been,  from  its  beginning,  a  gigantic  ex- 
periment in  human  genetics.  The  experiment  has  gone  on  now  three 
centuries,  roughly  speaking.  When  I  compare  the  net  result,  as  in- 
dicated by  the  human  product  now  here — the  product  counted  in  the 
1920  census — ^with  the  much  more  nearly  pure-bred  peoples  of  Europe, 
I  cannot  force  myself  to  take  that  pessimistic  outlook  that  I  am  told 
by  some  of  my  ' '  100  per  cent.  Nordic  ' '  friends  that  I  ought  to.  It 
seems  to  me,  looking  at  the  matter  as  a  biologist,  that  a  real,  distinct, 
unique  American  people  has  evolved  in  the  course  of  the  experiment 
and  is  still  continuing  to  evolve.  Further,  as  people  go,  it  is  not  a  bad 
people.  Its  most  interesting  and  valuable  feature  is  that  it  is  still 
changing  and  evolving.  I  can  find  no  manner  of  bitter  feeling  or  even 
regret  that  the  pure  English-Scotch-Welsh  stock  of  the  original  settlers 
will  eventually  not  be  the  dominant  element  in  the  complex  of  Amer- 
ican germ-plasms  that  it  has  been  in  the  past,  though  personally  I  am 
wholly  of  that  stock,  and  am,  for  three  centuries,  an  American.  Such 
a  state  of  affairs  was,  in  the  natural  course  of  events,  bound  to 
come  about.  There  cannot,  by  any  possibility  whatever,  be  anything 
approaching  biologically  pure  race  stocks  in  this  country  a  century 
hence.  There  are  practically  none  now,  with  the  exception  of  the 
Jews,  and  there  is  every  present  reason  to  believe  that  even  they  will 
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be  far  less  pure  in  2021  than  they  are  in  1921.  Ho«r  fxt  ne  Isie 
progreBsed  in  cmly  abcmt  one  generation,  in  point  of  time,  in  rtdd 
fofflon,  ia  indieated  by  the  comparison  of  a  careful  estimate  of  iiie 
racial  stocks  in  the  country  in  1872  with  conditions  now  edstisg. 
In  the  Journal  of  the  Boyal  Statistical  Society  in  1872  (16),  it  wm 
estimated  that  the  following  figures  gave  the  percentages  ot  the  diffir- 
ent  race  stocks  in  the  population  at  that  time: 

Per  cent.  In  |»oi»«lmtlMi 

Original  Britirii  Stock 49 

Iririi   16 

German IS 

Af riean  (negro)  12 

Beeent  British S 

Freneh,  Spanish  and  others 8 

100 

The  kind  of  people  who  will  survive  and  run  the  affairs  of  Ae 
country,  say  a  couple  of  centuries  hence,  when  population  presson 
will  be  intense,  will,  I  think,  not  be  Bne^ishmen,  or  Slavs,  or  Jews,  or 
Italians,  but  Americans^  of  that  type  whidi  has  shown  the  greaM 
adaptability  to  the  problems  which  life  in  this  part  of  North  Amerifli 
has  presented.  I  think  they  will  be  just  as  gentle,  as  high-minded,  m 
dever,  as  honorable,  and  as  independent  as  any  people  on  the  fsee  of 
the  earth. 

VIII. 

Summary. 

1.  It  is  shown  that  the  population  of  the  United  States  (a)  is 
growing  according  to  a  curve  of  the  form 

y"   1  +  ce**'' 

(6)  has  passed  the  point  of  inflection  of  this  curve,  and  (c)  is  rapidly 
approaching  its  asymptote. 

2.  The  problem  of  the  future  is  the  quality  of  the  asymptotic  popu- 
lation. To  estimate  this  from  past  conditions  is  one  of  the  purposes  of 
this  paper. 

3.  It  is  shown  that  there  are  three  general  criteria  by  which  the 
biological  attributes  of  a  population  may  be  estimated  or  measured 
These  are:  (1)  somatic  physical,  (2)  somatic  psychological,  and  (3) 
biostatistical.     These  are  defined  and  discussed.     This  paper  deals 
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solely  with  the  third  of  these  criteria,  including  marriages,  divorces, 
births,  deaths,  and  the  birth/death  ratio. 

4.  Racial  assortative  mating  in  marriages  effective  in  producing 
offspring  in  1919  is  discussed. 

5.  For  the  entire  B.  R.  A.  the  percentage  of  amalgamation  or  fusion 
of  foreign-bom  stocks  with  native-born,  as  compared  with  racially 
like  effective  matings  of  all  sorts,  as  indicated  by  effective  marriages 
in  1919,  is  just  under  11.5  per  cent. 

6.  The  amount  of  racial  amalgamation  or  fusion  going  on  in  the 
several  states  of  the  Registration  Area  is  proportional  in  the  most 
direct  and  close  way  to  the  amount  of  foreign-born  white  stock  in  the 
local  population. 

7.  The  same  result  holds  if  the  percentage  of  fusion  matings  of 
foreign  with  native  stock  is  taken  upon  the  base  of  pure  native  mat- 
ings, instead  of  all  pure  matings  as  before. 

8.  In  10  out  of  23  states  there  are  more  effective  mixed  matings  of 
the  amalgamating  type  (i.e.,  foreign  X  native)  than  there  are  of 
racially  true  foreign  X  foreign  matings. 

9.  In  the  three  states  Massachusetts,  New  York,  and  Connecticut, 
there  were  in  1919  as  many  or  more  matings  of  the  type  foreign-bom 
X  foreign-bom  as  there  were  of  the  type  native-born  X  native-born, 
effective  in  producing  offspring.  In  these  three  states  as  large  or 
larger  additions  to  the  future  population  were  made  in  1919  by  the 
foreign-born  as  by  the  native-born.  Further,  in  three  other  states. 
New  Hampshire,  Pennsylvania  and  Maine,  the  effective  foreign  X  for- 
eign matings  were  more  than  half  as  numerous  as  the  effective  native 
X  native. 

10.  The  foreigner  in  this  country  is  much  more  apt  to  marry  an 
American-born  person,  if  he  does  not  marry  one  of  his  own  race,  than 
he  is  to  marry  some  other  foreigner  not  of  his  own  race. 

11.  In  1919,  there  were  in  the  B.  R.  A.  78  racially  different  t3rpes 
of  mating  effective  in  producing  offspring,  not  separating  sexes  of 
either  mated  partners  or  offspring.  65  per  cent,  of  the  births  were 
from  native  X  native  matings,  10  per  cent,  of  the  children  had  one 
parent  native-born  and  the  other  foreign-born,  leaving  approximately 
25  per  cent,  of  the  births  having  both  parents  foreign-born. 

12.  In  those  parts  of  the  country  where  a  relatively  large  propor- 
tion of  the  population  is  foreign-born,  the  fertility  of  the  foreign-bom 
women  is  greatly  in  excess  of  that  of  the  native-bom.    Almost,  if  not 
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quite,  the  first  biological  result  of  Americaniz 
fertility  of  marriages. 

13.  The  illegitinwte  rate  is  higher  per  100 
capable  of  having  an  illegitimate  baby  than 
bom  women  in  the  same  social  situatioD.  But 
the  illegitimate  rate  is  smaller  for  foreign-  than 
ers.    The  explanation  of  this  apparent  parado: 

14.  The  stillbirth  rate  is  higher,  on  the  baf 
for  foreign-  than  for  American-born  women  in  j 
Scandinavian,  German,  Polish  and  Hungarian 
rate  is  lower  than  for  native-born  mothers.   . 

15.  After  infancy  and  early  childhood  th« 
death  rates  are  lower  at  all  ages  for  native-born 
for  either  native-born  of  foreign  parents,  or 
tailed  discussion  of  mortality  and  race  stock  is 

16.  The  biological  vigor  as  indicated  by 
births/ deaths)  of  the  native-born  population  is  i 
the  foreign-bom  population.  In  the  New  Engla 
mont)  and  New  Yorit,  the  native  population  is 
and  in  Vermont  only  barely  so. 

17.  The  native  population  has  a  lower  vital 
rural  districts;  the  foreign  population  shows  tl 
higher  index  being  for  the  city  population. 

18.  A  study  of  age-specific  vital  indices  for 
a  reproductive  machine  the  foreign-born  womai 
born.  For  each  naf.ivo-boni  woman  dying  bet 
of  age,  Ihe  native-born  women  as  a  group  prot 
babies.    The  corresponding  figure  for  foreign-b( 

19.  The  peak  value  of  the  vital  index  for  \ 
group  20  to  24,  ineliisive.  For  men  the  peak 
25  to  29. 

20.  Age  and  ses  eorrecteii  vital  indices  are 

21.  Rural  populations  were  slightly,  but 
cantly.  less  damaged,  relatively  in  a  biologii 
populations  by  the  influenza  pandemic.  The  1 
definitely  hnrder  hit  biologically  by  the  panij 

22.  Execpt  in  the  rural  districts  of  the 
tically  never  does  the  vital  index  of  a  negr( 
value  of  as  much  as  100.  Nowhere  in  cities,  e 
does  the  value  of  Ihe  negro  vital  index  get  to 


iii 


til 


VITALITY  OP  THE  PEOPLES  OP  AMERICA.  673 

23.  Biologically  the  negro  population  of  the  B.  R.  A.  was  dis- 
tinctly less  severely  damaged  by  the  influenza  epidemic  than  the  white 
population. 

24.  Some  eugenic  bearings  of  the  study  are  discussed. 
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A  NOTE  ON  THE  INHERITANCE  OP  DURATION  OF  LIFE 

IN  MAN.* 

By  EAYMOND  PEARL. 
(Received  for  publication  January  2d,  1922.) 

Experimental  studies  on  DrosophUa  have  definitely  demonstrated 
that  in  that  form  duration  of  life  is  inherited  in  accordance  with 
Mendelian  principles  (1,  2).  In  the  case  of  man  all  the  evidence  so 
tat  available  regarding  the  inheritance  of  duration  of  life  has  come 
from  statistical  studies,  notably  those  of  Pearson  (3)  and  his  associates, 
and  Alexander  Graham  Bell  (4,  5).  This  sort  of  evidence,  while 
entirely  cogent  as  to  the  main  fact  of  the  inheritance  of  this  char- 
acter, is  not  such  as  to  make  possible  the  ready  determination  of  the 
mode  of  the  inheritance,  whether  Mendelian  or  other. 

Since  the  publication  of  my  Lowell  Lectures  on  the  biology  of 
death,  I  have  received  from  a  number  of  correspondents  bits  of  data 
upon  one  or  another  phase  of  the  problems  therein  discussed.  Amongst 
these  contributions  was  an  extremely  interesting  one  from  a  southern 
lady  regarding  the  facts  about  duration  of  life  in  her  own  family. 
This  note  is  based  upon  the  information  so  received.  For  obvious 
reasons  names  cannot  be  given  here,  but  I  may  say,  as  bearing  upon 
the  trustworthiness  of  the  data  here  set  forth,  that  my  informant  is  a 
trained  observer  along  biological  lines,  and  is  well  known  for  her 
contributions  in  one  field  of  biology. 

The  pedigree  shown  in  Fig.  1  may  be  first  presented,  and  then 
the  probable  meaning  of  the  facts  it  .shows,  discussed.  It  should  be 
noted  that  in  this  pedigree  J*  denotes  as  usual  a  male  individual,  ?  a 
female,  and  O  an  individual  known  to  have  existed,  but  about  whom 
I  have  no  further  information,  even  as  to  sex.  The  numbers  standing 
^bove  and  to  the  right  of  each  sex  sign  are  the  designatory  numbers 
(in  lieu  of  names)  of  persons  included  in  the  pedigree.    The  numbers 
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within  the  cirdd  of  the  sex  sign  give  the  ages  at  death  of  the  individ- 
najls  in  Tears.  All  persons  shown  in  the  pedigree  are  dead  with  tiie 
exception  of  two  marked  *  *  liv. ' '  below  the  numbers  denoting  their 
ages.  One  of  these  is  my  informant,  to  whom  I  am  greatly  indebted, 
both  for  famishing  me  with  the  facts  and  for  permitting  their  publi- 
cation. 

About  individuals  3  and  4  no  information  is  at  hand.  Their 
father  died  at  the  age  of  about  32  when  they  were  small  children.  I 
furthermore  have  no  information  about  the  ancestry  of  individuals 
2,  6,  7  and  8,  except  that  individual  19  was  reputed  to  **  belong  to  a 
family  with  a  remarkable  record  for  longevity."  The  ages  at  death 
of  both  individuals  7  and  8  undoubtedly  are  under  their  potential 
longevity.  No.  7's  death  *'  may  be  regarded  as  the  nature  of  an 
accident,  since  he  was  a  victim  of  yellow  fever  during  the  epidemic 
that  visited  Savannah  in  1820.''  '*  His  wife  "  (no.  8)  '*  died  at  67 
of  typhus  fever  contracted  by  remaining  on  the  plantation  to  aid 
in  caring  for  the  sick  negroes  during  a  violent  epidemic  of  the  disease 
in  1852.  As  I  remember  hier,  she  was  a  woman  of  wonderful  energy 
and  activity  up  to  that  time." 

TABLE  1. 
Survivorship  of  parents  and  offspring  in  pedigree  Fig,  1, 


Surviving  up  to 


Birth 

10  Years... 
20  "  . . . 
30  "  . . . 
40  "  . . . 
60  "  . . . 
60  "  . . . 
70  "  . . . 
80  "  . . . 
80  and  over 


Mean  duration  of  life* 


Number  surviving  to  specified  time  are 


A.  Father's  sibship 


Absolute. 


10 
8 
8 
6 
5 
1 
1 
1 
0 
0 


Per  cent. 


B.  Mother's  aibship 
(9  P). 


Absolute. 


100 
80 
80 
60 
60 
10 
10 
10 
0 
0 


8 
7 
6 
6 
6 
6 
6 
4 
2 
2 


Per  cent. 


100 
87.6 
76 
75 
75 
76 
75 
60 
25 
26 


33.7  years 


59.1^  years 


C.  Offspring  sibship 
(Fi). 


Absolute. 


8 
7 
7 
7 
7 
7 
6 
3 
2 
2 


Per  cent. 


100 
87.6 
87.6 
87.6 
87.6 
87.6 
76 
37.5 
25 
26 


60.9  years 


•  Counting  the  **infanf  as  aged  1,  and  taking  the  two  living  at  present  age. 
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The  data  of  the  pedigree  are  arranged  in  the  form  of  survivorship 
figures  in  Table  1.  Column  A  gives  the  survivorship  rela:tions  of 
the  family  containing  individuals  9  to  18  inclusive;  Column  B  gives 
the  same  material  for  the  family  containing  individuals  19  to  26 
inclusive ;  and  Column  C  the  family  containing  individuals  27  to  34 
inclusive.  On  account  of  the  small  numbers  involved  no  attempt  is 
made  to  smooth  in  any  way  the  la  lines.  They  are  merely  the  observed 
frequencies  of  survival. 


age: 

Fig.  2.  Showing  survivorship  in  three  groups  of  sibs.  The  data  of  Column 
A  of  Table  1  are  given  as  a  solid  line,  those  of  Column  B  as  a  dash  line,  and 
those  of  Column  C  as  a  dot  line. 
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The  percentage  columns  of  Table  1  are  exhibited  graphically  in 
Pig.  2. 

It  is  apparent  from  the  table  and  diagram  that  the  interest  of  this 
case  lies  in  the  fact  that  it  represents  the  crossing  of  a  short-lived  with 
a  fairly  long-lived  stock.  In  the  father's  sibship  only  10  per  cent, 
survived  to  age  50,  in  the  mother's  sibship  75  per  cent,  survived  to 
that  age,  and  in  the  offspring  sibship  87.5  i>er  cent. 

Making  due  allowance  for  the  irregularity  of  the  survivorship  lines 
of  Fig.  2,  consequent  upon  the  small  absolute  numbers,  the  resem- 
blance of  this  diagram  to  what  one  gets  in  a  controlled  Mendelian 
experiment  on  duration  of  life  in  Drosophila  (cf.  Fig.  4,  p.  149,  in 
my  paper  on  the  Biology  of  Death,  VI,  loc.  cit.)  is  striking. 

No  conclusion  can  be  drawn  from  a  single  pedigree  of  this  sort, 
of  course,  but  the  case  suggests  the  desirabality  of  analyzing  extensive 
genealogical  material  in  a  similar  manner.  This  I  hope  to  be  able  to 
do  later,  upon  material  now  accumulating  in  this  laboratory. 
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SEASONAL  FLUCTUATIONS  OF  THE  VITAL  INDEX  OF  A  POPU- 

LATIOm 

By  Raymond  Pbarl 

DSPARTMSNT  OF  BlOMBTRY  AND  VlTAL  STATISTICS,  JOHNS  HOPKINS  UNIVERSITY 

Communicated,  February  14,  1922 

In  earlier  papers  the  writer*  has  discussed  various  aspects  of  the  birth- 
death  ratio,  or  vital  index  of  a  population,  including  age  and  sex  specific 
vital  indices,  racial  and  secular  fluctuations,  etc.  Table  1  of  the  preceding 
paper  by  Pearl  and  Burger'  gives  the  necessary  data  for  finding,  for  one 
population,  that  of  England  and  Wales,  the  course  of  the  seasonal  fluctua- 
tion of  this  important  demographic  constant.  It  is  the  purpose  of  this 
note  to  set  forth  biometrically  the  facts  on  this  point,  from  the  basic  data 
mentioned. 

Table  1  gives  the  frequency  distributions  for  variation  in  the  value  of 
the  vital  index  of  the  population  of  England  and  Wales  in  each  of  the  four 
quarters  of  the  year,  ending,  respectively,  on  March  31,  Jime  30,  September 
30,  and  December  31,  during  the  years  1838  to  1920,  inclusive.  The 
source  of  the  data  is  given  in  Pearl  and  Burger  already  cited. 

The  significant  biometric  constants  from  table  1  are  presented  in  table 
2.     It  is  apparent  that  there  are  a  few  highly  aberrant  observations  in 
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TABL81 

FssQuSNCT  DiamBunoN  for  Variation  in  ths  Vital  Inmx  in  not  F6im 

Quarters  op  tbs  Ysar 


nTALxmisx 


6&-69 
70-  74 
75-  79 
80-  84 
85-  89 
90-94 
95-99 
100-104 
105-109 
110-114 
115-119 
120-124 
125-129 
130-134 
135-139 
140-144 
145-149 
150-164 
156-169 
160-164 
165-169 
170-174 
175-179 
180-184 
185-189 
190-194 
195-199 
200-204 
205-209 
210-214 
215-219 


245-249 


Total 


81 


3 

3 

1 

3 

9 

11 

13 

9 

13 

10 

2 

3 
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juirsSO 


2 
3 
2 
2 

7 
6 
6 

11 
9 

11 
9 

10 
2 
1 
2 
1 
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ao 


3 

5 
5 
10 
9 
8 
8 
6 
3 
4 
8 
1 
3 
1 
4 
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SI 


1 
1 

4 
4 
7 
5 
9 

11 
9 

IT 
7 
4 
2 
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TABLE  2 

BioMSTRic  Constants  Dbducsd  prom  Tabls  1 


QUARTSR  BNDnfO 

MSAN 

STANDARD  DBVXATIOM 

March  31 
June  30 
September  30 
December  31 

147.06=*=  1.21 
169.89=*=  1.21 
175.43=*=  1.66 
156.46  =4=^1.27 

16.32=*=     .85 
16.35=*=     .86 
22.39=*=  1.17 
17.14=*=     .90 

the  series,  but  it  has  not  been  thought  best  to  discard  or  adjust  them  in  tbis 
first  treatment  of  the  subject.  Consequently  it  is  to  be  understood  that  all 
the  values  given  in  table  1  were  used  in  computing  the  values  in  table  2. 
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From  these  data  the  following  points  are  to  be  noted: 

1.  The  vital  index  has  the  lowest  mean  value  in  the  quarter  ending  on 
March  31,  the  winter  quarter.  In  that  period  the  birth  incidence  is  rela- 
tively low  and  the  death  incidence  relatively  high. 

2.  Next  in  value  to  this,  but  standing  9.40  =*=  1.75  points  above  it,  is 
the  mean  vital  index  for  the  autumn  quarter  ending  December  31.  The 
difiFerence  being  5.4  times  its  probable  error,  may  be  regarded  as  significant. 

3.  The  spring  quarter,  ending  June  30,  shows  the  next  higher  mean, 
being  13.43  =*=  1.75  points  above  the  winter  quarter. 

4.  The  highest  value  of  the  index  falls  in  the  summer  quarter,  when 
births  are  most  frequent  and  deaths  least  so.  The  mean  value,  however, 
lies  only  5.54  ^  2.05  above  that  for  the  spring  quarter,  a  difference  which 
cannot  be  regarded  as  significant. 

5.  In  variability  of  the  vital  index,  the  first  two  and  the  last  quarters 
of  the  year,  all  exhibit  significantly  the  same  status.  The  vital  index  is 
distinctively  more  variable  in  the  summer  quarter,  the  difference  in  stand- 
ard deviations  when  this  quarter  is  compared  with  that  ending  Jime  30, 
amotmting  to  6.04  =fc  1.45.  This  may  be  regarded  as  significant,  being 
4.2  times  its  probable  error. 

It  thus  appears  that  the  extremely  close  compensatory  relation  between 
birth  rate  and  death  rate,  which  Pearl  and  Biu"ger'  have  shown  to  hold 
in  annual  figures,  does  not  obtain  within  the  single  year.  Instead  there 
is  a  well-marked  statistically  significant  intra-annual,  or  seasonal  fluctua- 
tion of  the  birth-death  ratio. 

^  Papers  from  the  Department  of  Biometry  and  Vital  Statistics,  School  of  Hygiene 
and  Public  Health,  Johns  Hopkins  University,  No.  51. 

*  Cf.  particularly  Pearl,  R.,  "The  Vitality  of  the  Peoples  of  America,"  Amer.  J.  Hyg., 
1,  1921  (592-674). 

*  Pearl,  R.  and  Burger,  M.  H.,**The  Vital  Index  of  the  Population  of  England  and 
Wales,  1838-1920,"  Proc.  Nat.  Acad.  Set.,  8,  1922.  pp.  71-76. 
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THE  VITAL  INDEX  OF  THE  POPULATION  OF  ENGLAND  AND 

WALES,  1838-1^20' 

By  Raymond  Pbarl  and  Magdalen  H.  Burger 

Dhpartmbnt  op  Biombtry  and  Vital  Statistics,  Johns  Hopkins  Univbrsity 

Communicated,  February  14,  1922 

The  senior  author^  has  suggested  the  term  "vital  index"  as  a  convenient 
designation  of  the  function 

100   Births 

V  =  

Deaths 

which  measures  more  effectively  than  any  other  demographic  fimction 
yet  devised  the  essential  biological  fitness  of  a  population,  in  the  sense  of 
organic  evolution.     For  a  population  V  is  the  direct  measure  of  survival 
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value.  If  V  >  100  the  population  is  not  only  siu-viving  but  growing, 
whereas  if  V  <  100  the  population  is  starting  on  the  road  to  elimination, 
and  must  eventually  disappear  unless  the  vital  index  gets  above  100. 
A  detailed  presentation  of  the  facts  regarding  the  vital  index  of  certain 
elements  of  the  American  population  has  lately  been  published.' 

In  examining  the  effect  of  the  Great  War  upon  the  growth  of  population 
one  cannot  fail  to  be  impressed  by  the  fact  that  the  return  of  the  birth/death 
ratio  (vital  index)  to  a  normal  or  even  super-normal  value  after  the  marked 
dislocation  produced  by  the  war,  and  at  its  end  the  superimposed  influenza 
pandemic,  was  extraordinarily  rapid.  Indeed  the  senior  author*  was  led  to 
remark,  after  examining  the  matter  in  the  chief  belligerent  countries,  that 
"Altogether,  these  examples,  which  include  the  effects  of  the  most 
destructive  war  known  to  modem  man,  and  the  most  devastating  epidemic 

TABLE  1 

Ratio  V,  op  100  Births  to  Dbaths  in  England  and  Wales  in  Each  Quartsk 

OP  THB  Ybars  1838  TO  1920,  Inclusivb 


QUART8RS  8NDBD        { 

QUARTBRS  SNDBO         | 

QUARTBRS  BNDBD 

TSAR 

MAR. 

JUNS 

SBPT. 

DSC. 

VBAR 

1866 

MAR. 

142 

JUNS 

150 

SBPT. 

153 

DBC. 

158 

VBAR 

MAR. 

JUNS 

ssrr 

DK. 

1838 

116 

134 

157 

140 

1894 

155 

186 

201 

180 

1839 

138 

146 

157 

141 

1867 

145 

178 

176 

168 

1895 

141 

179 

174 

161 

1840 

134 

143 

148 

135 

1868 

166 

184 

147 

160 

1896 

163 

185 

181 

168 

1841 

135 

161 

164 

150 

1869 

153 

159 

166 

149 

1897 

164 

179 

169 

170 

1842 

141 

165 

150 

148 

1870 

143 

168 

155 

161 

1898 

154 

183 

166 

169 

1843 

144 

150 

167 

150 

1871 

151 

167 

159 

144 

1899 

157 

182 

151 

152 

1844 

142 

160 

163 

143 

1872 

155 

173 

170 

176 

1900 

132 

166 

175 

167 

1845 

137 

153 

177 

163 

1873 

163 

174 

178 

160 

1901 

158 

182 

169 

167 

1846 

162 

166 

136 

128 

1874 

157 

176 

169 

150 

1902 

153 

179 

209 

16S 

1847 

122 

130 

136 

123 

1875 

132 

164 

174 

159 

1903 

170 

195 

207 

169 

1^48 

116 

150 

160 

144 

1976 

162 

179 

180 

177 

1904 

157 

192 

178 

165 

1^49 

145 

150 

100 

139 

1877 

171 

170 

195 

177 

1905 

160 

192 

195 

172 

1850 

147 

168 

171 

159 

1878 

158 

177 

172 

155 

1906 

169 

189 

181 

166 

1851 

149 

160 

165 

150 

1879 

145 

167 

210 

160 

1907 

143 

187 

216 

161 

1852 

152 

158 

151 

152 

1780 

152 

186 

167 

165 

1908 

153 

201 

208 

170 

1853 

137 

147 

160 

140 

lasi 

163 

186 

196 

177 

1909 

143 

189 

218 

172 

1854 

144 

168 

136 

133 

1882 

159 

182 

186 

163 

1910 

163 

203 

218 

16S 

1855 

123 

155 

177 

153 

1883 

158 

171 

189 

167 

1911 

156 

188 

158 

169 

1856 

164 

173 

173 

164 

1884 

170 

181 

167 

165 

1912 

154 

188 

216 

171") 

1857 

157 

170 

160 

146 

1885 

157 

168 

191 

173 

1913 

148 

187 

199 

172 

1858 

136 

158 

160 

133 

1886 

147 

1^ 

179 

168 

1914 

149 

182 

197 

159 

1859 

144 

166 

161 

155 

1887 

153 

176 

178 

163 

1915 

125 

154 

180 

134 

1860 

149 

157 

100 

158 

1888 

149 

179 

199 

169 

1916 

136 

165 

193 

134 

1861 

143 

172 

170 

159 

1889 

158 

1&3 

180 

165 

1917 

109 

136 

172 

136 

1862 

149 

173 

187 

150 

1890 

136 

171 

180 

139 

1918 

118 

144 

147 

67 

1863 

145 

160 

154 

155 

1891 

145 

139 

192 

156 

1919 

75 

137 

197 

195 

1864 

135 

161 

161 

144 

1892 

120 

176 

197 

168 

1920 

197 

208 

245 

1» 

1865 

138 

167 

160 

148 

1893 

160 

177 

160 

147 
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Groupbd  Data  for  Vital  Indbx  and  Crudb  Birth  Ratb 
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PSBXOO 

BIRTH 

DSATHS 

100  BIRTHS 
DEATHS 

CBNSRAL 

BIRTH  RATS 

PBR  1000 

1838-1839 

956.361 

681,744 

140.28 

31.0 

1840-1844 

2,600,288 

1,756,431 

148.04 

32.2 

1845-1849 

2,797,329 

2,003.657 

139.61 

32.6 

1860-1854 

3,080,095 

2,030,528 

151.69 

33.9 

1855^1859 

3,300,929 

2,126,461 

155.23 

34.3 

1860-1864 

3,560,830 

2,263,769 

157.30 

34.9 

1865^1869 

3,830,527 

2,438,121 

157.11 

35.3 

1870-1874 

4,100,856 

2,541,625 

161.35 

35.5 

1875^1879 

4,399,070 

2,623,391 

167.69 

35.6 

1880-1884 

4,451,771 

2,591,038 

171.81 

33.8 

1885-1889 

4,450,173 

2,620.108 

169.85 

32.0 

1890-1894 

4,486,912 

2,778.642 

161.48 

30.5 

1895-1899 

4,611,116 

2.771,151 

166.40 

29.6 

1900-1904 

4,691,038 

2.739.365 

171.25 

28.5 

1905-1909 

4.637,271 

2,613.992 

177.40 

26.7 

1910-1914 

4,411,823 

2,519.713 

175.09 

24.2 

1915-1919 

3,623,894 

2.685.456 

134.95 

20.8 

1920 

957,994 

466.213 

205.48 

25.5 

since  the  Middle  Ages,  furnish  a  substantial  demonstration  of  the  fact 
that  population  growth  is  a  highly  self-regulated  biological  phenomenon. 
Those  persons  who  see  in  war  and  pestilence  any  absolute  solution  of  the 
world  problem  of  population,  as  postulated  by  M^thus,  are  optimists 
indeed.  As  a  matter  of  fact,  all  history  definitely  tells  us,  and  recent  his- 
tory fairly  shouts  in  its  emphasis,  that  such  events  make  the  merest  ephem- 
eral flicker  in  the  steady  onward  march  of  population  growth.'* 

In  view  of  the  fact  that  this  function  V  has  so  quickly  returned  to  nor- 
mal, or  approximately  normal,  values  after  the  recent  disturbances  it  is 
a  matter  of  considerable  interest  and  significance  to  the  student  of  problems 
of  public  health  in  the  broad  sense,  of  population  growth,  and  of  human 
ecology,  to  see  how  precisely  the  self-regulatory  mechanism  of  populations 
operates  over  long  periods  of  time.  To  this  end  we  have  examined  all  the 
existing  continuous  statistics  of  England  and  Wales,  and  desire  to  present 
the  results  in  this  paper. 

Table  I  gives  the  vital  index  (100  births/deaths)  for  the  population  of 
England  and  Wales,  in  each  quarters  of  the  years  1838  to  1920  inclusive. 
The  data  from  which  the  computations  were  made  were  taken  from  official 
sources.^ 

The  immediately  striking  feature  of  this  table  is  the  extreme  constancy 
of  the  values  as  one  runs  down  the  columns.  In  order  to  appreciate  this 
fact  fully,  however,  it  is  necessary  to  resort  to  graphical  presentation. 
As  the  data  of  table  I  are  too  detailed  to  make  such  an  examination  of 
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the  trend  fewiUe  wtthin  the  qtoce  of  a  sin^  printed  page,  the  dau  luve 
been  onnbined  in  qninqneniiial  periods  in  table  2.  In  this  table  axt 
given,  for  each  5  year  period,  the  total  births,  total  deaths,  vital  index, 
and  crude  birth  rate.  The  latter  ■figures  ha\e  beea  calculated  direcdy 
from  the  birth  and  population  figures  and  differ  slightly  (but  in  no  wise 
significantly)  from  the  crude  birth  rates  given  in  Annual  Reports  of  the 
Registrar-General,  chiefly  because  of  the  fact  that  we  have  used  a  diSecot 
quinquennial  grouping. 


YEAE 

FIO.    1 
Trend  of  vital  indei  (100  births /deaths)  and  crude  birth  n 

The  vital  index  and  birth  rate  data  from  table  2  are  shown  graphically 
in    figure    1 . 

The  diagram  is  plotted  on  an  arithlog  grid,  in  order  that  the  slopes  d 
the  lines  may  be  strictly  comparable.' 

It  is  at  once  apparent  that  th^  ratio  of  births  to  deaths  in  England  aii 
Wales  had  a  slow  but  extremely  even  and  steady  increase  from  i8j8  to  I9H- 
This  steady  progress  was  interrupted  to  a  degree  sufficient  to  be  aj^MRst 
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"Upon  only  two  occasions  during  the  three  quarters  of  a  century.  These 
were  in  1847-1849  and  1890-1892.  These  fluctuations,  which  only  slightly 
affected  the  even  upward  trend  of  the  ciu-ve  were  due  to  the  influenza 
pandemics  of  1847-8  and  1890-1891.  The  broad  result  is  perfectly  clear 
4Uid  outstanding.  The  population  of  England  and  Wales  is  today  biolog- 
ically fitter  and  possessed  of  greater  purely  biological  survival  value  as  a 
whole  population  than  it  was  three  quarters  of  a  century  ago.  Whether 
it  is  a  mentally,  morally  or  anthropmetrically  fitter  population  does  not 
now  concern  us.  We  are  dealing  at  the  moment  solely  with  the  fact  that, 
taking  the  people  of  England  and  Wales  as  a  whole,  slightly  over  2  babies 
were  bom  for  every  death  in  a  year  in  1920,  as  against  1.4  babies  per  death 
in  a  year  in  1838-1839.  The  question  of  a  differential  fertility  among 
•different  social  classes  we  shall  discuss  farther  on  in  the  paper. 

Now  this  result,  which  is  beyond  any  question  a  fact,  will  strike  anyone 
informed  as  to  the  sociological  and  eugenical  literature  of  the  last  two  dec- 
4ides  as  ctuiously  at  variance  with  the  pessimistic  tenor  of  that  literature, 
taken  as  a  whole.  It  has  been  pronounced  from  high  places  that  the 
^general  trend  of  the  British  people  was  biologically  downwards,  that  they 
were  in  fact  becoming  biologically  dangerously  near  to  a  decadent  race. 
Abundant  quotations  in  support  of  this  contention  could  be  cited,  were 
•space  available  and  were  it  necessary.  This  gloomy  view  has  had  its 
ioundation  solely  upon  the  fact  that,  since  the  quinquennium  1875-1880, 
the  birth  rate  in  England  and  Wales  has  been  falling  rather  rapidly,  as  is 
•dearly  shown  in  figure  1.  This  fact  has  been  brought  out  by  Elderton' 
in  great  detail. 

But  from  a  piu^ely  biological  view-point,  what  matters  a  falling  birth 
Tate  if  the  death  rate  falls  even  more  rapidly,  so  that  the  net  survivorship 
at  any  instant  of  time  is  constantly  getting  higher?  To  this  it  will,  of 
•course,  be  answered  at  once  by  those  who  view  with  alarm  the  declining 
birth  rate  that  the  real  crux  of  the  matter  is  in  the  differential  change  in 
iertility.  Nowadays  the  **best"  people  do  not  produce  their  due  share 
of  progeny,  while  the  "worse"  people  over-produce.  If  one  accepts  the 
man-made  definitions  of  "best**  and  "worst"  this  is  plainly  true  for  some 
•civilizations  at  least.  In  the  American  population,  however,  as  one  of  us* 
has  recently  shown,  the  element  probably  least  desirable  racially,  the 
n^[ro,  has  the  lowest  survival  value  as  a  group  (vital  index  generally  less 
than  100).  But  is  old  Dame  Nature  ever  really  interested  in  any  test  of 
"best"  and  "worst"  except  survival?  There  is  no  evidence  as  yet  that  she 
is.  Measured  by  this  test  the  population  as  a  whole  of  England  and  Wales 
is  today  biologically  more  vigorous  than  it  was  in  1838.  This  is  a  plain 
Jact.  Whether  this  fact  is,  sociologically  or  eugenically  considered,  a 
bad  thing  or  a  good  thing,  is  something  more  than  a  purely  biological 
problem,  and  as  such  we  are  content  to  leave  it  to  the  discussion  of  others. 
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What  seems  to  us  of  consklerable  interest  hiciopcaUj,  is  tbe  eztraofdaiaFf 
perfection,  demonstrated  in  the  figm:es  here  presented,  of  the  s/tU-ngBk- 
tion  of  population  growth.  Disturbances  of  the  course  of  the  baHi  lair 
have  been  compensated  for,  in  the  population  and  period  under  reiiev, 
with  the  greatest  nicety.  It  will  be  of  interest  to  examine  the  facts  ior 
other  populations,  and  this  we  hope  later  to  do. 

^  Papers  from  the  Department  of  Biometry  and  Vital  Statistics,  Sdiool  of  Hygieie 
and  Public  Health,  Johns  Hoi^dns  University,  No.  50. 

*  R.  Pearl,  "The  Effect  of  the  War  on  the  Chief  Factors  of  Populatioa  Chug^* 
Science  (N.  S.),  51,  1920  (553-566). 

*  Fterl,  "The  ^tality  of  the  Peoples  of  America,"  Amer.  J.  Hyg.,  1, 1921,  p^ 
592-674. 

«  Pearl,  "A  Further  Note  on  War  and  Population,"  Scieuce  (N.  S.),  53,  1921,  pt> 
120-121. 

*  Quarterly  ROwn  oj  Mamages,  Births,  and  Deaths  Registered  in  En^and  and  Wdts, 
etc.  Published  by  Authority  of  the  Registrar-General.  London.  H.  M.  StatioBeqr 
Office.    Passim,    Also  corresponding  Weddy  Return,  and  Amxual  Reports. 

* "  For  a  Discussion  of  the  Significance  and  Advantages  of  Plotting  Trend  Lines  on  t 
Logarithmic  Scale,"  cf .  Fisher,  I.  "  The  'ratio'  Chart  for  Plotting  Statistics."  Q.  P.  ^«^ 
Stat,  Ass,,  15, 1917,  pp.  577-601,  and  Field,  J.  A.,  "Some  Advantages  of  the  Lof^uithait 
Scale  in  Statistical  Diagrams,"    /.  Pd,  Bean.,  25, 1917,  pp.  80&-841. 

7  E.M.Hlderton,  "Report  on  the  Ens^ish  Birth  Rate.  Parti.  England  Nortii  of  tk 
Humber."  Eugenics  Lab,  Mem,,  19  and  20,  C^ambridge  Univ.  Press,  1914,  pp.  fS 
and  246. 
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tIATHEMATICS. — On  the  correlation  between  any  two  functions  and 
its  application  to  the  general  case  of  spurious  correlation,^    Lowell 
J.  Reed,   Johns  Hopkins  University.     (Communicated  by  Ray- 
mond Pearl.) 
In  problems  where  correlation  methods  are  employed  it  is  often 
ecessary  to  determine  the  coefficient  of  correlation  between  one  of 
he  measured  variables  and  some  function  of  the  others.     In  certain 
ases  we  need  to  go  still  further  and  determine  the  correlation  between 
wo  different  functions  of  the  measured  variables.     Such  cases  arise 
«^here  two  different  index  numbers  are  correlated  with  each  other 
)r  when  an  index  number  is  correlated  with  one  of  the  measured 
variables.     In  all  problems  of  this  type  the  coefficient  of  correlation 
nay  be  found  by  computing  the  value  of  the  function  in  question 
it  each  position  for  which  the  values  of  the  variables  themselves 
re  known  and  then  finding  the  correlation  coefficient  in  the  usual 
ay.     In  a  great  many  cases  however  there  would  be  a  considerable 
ving  of  labor  if  this  coefficient  could  be  determined  directly  from 
e  means,  standard  deviations,  and  first  order  correlation  coefficients 
the  variables  themselves.     The  following  general  equation  has 
^n  derived  to  accomplish  this  and  it  should  prove  to  be  of  use  in 
otlems  of  the  type  outlined  above.     The  proof  of  the  formula 
too  long  to  be  given  in  the  present  paper,  but  will  be  published 
ter,  together  with  additional  illustrations  of  its  application. 

-t  ^1,  ^, Xn  be  a  set  of  n  variables, 

^ci  ^1,  ^, xj^   be  a  second  set  of  k  variables. 

^t  nil,  nh, w„  be  the  means  of    the  variables  of  the  first 

Set, 

cTi,  cr2, (Tn  be  their  standard  deviations, 

cid  rxiXtf  ^xixt ^xn-i  xn  be  the  coefficients  of  correlation  between 

^ese  variables  taken  in  pairs. 

'  Papers  from  the  Department  of  Biometry  and  Vital  Statistics,  School  of  Hygiene, 
^hns  Hopkms  University,  No.  38.    Received  October  18,  1921. 
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The  same  notation  will  be  used  for  the  means,  standard  deyiatiom 
and  coefifidents  of  correlation  of  the  primed  variables. 

Now  let  >■  =/{x^.x„ xj) 

and  s  =y(«;.x:, x'^) 

represent  any  two  analytic  functions  of  these  two  sets  of  variables. 
Then  the  correlation  between  these  two  functions  is  measured  by 


I 


2  S-^"^'  rx^^^p 


^   ^/°/g  rx,XB''a''S 


^1    ^1  FgFe'-x'^.ga'aa'g 
»-lfi-l 


r   _a/(Wi,Wlj. Wn) 

t)  tHa 

_      dFjmlmi mt) 

and  Fp= — ; 


i 


The  derivation  of  equation  (1)  yielded  as  a  by-product  the  o- 
pressions  for  the  mean  and  standard  de\-iation  of  any  function  of 
a  set  of  variables  in  terms  of  the  means,  standard  de^^atio^s  and  first 
order  coefficients  of  correlation  of  the  variables  themselves.*  Thee 
formulae  are 

(a)  for  the  mean  value  of  y  =  /{xi,Xi, x„), 

my  =  f  +  }4^^^fa0  rxaxfifcflt  (2) 

where         /  =  /  (pii,  »«^. Wb) 

i>^J{m,m,. m,) 

and        /  oa  = .    "z 

omaomg 

(b)  for  the  standard  deviation  of  y  =  fixi.Xi, Xa), 


■V»-i»-i 


•  For  another  derivation  of  equations  (2)  and  (3)  see  E.  Czubkr.  Obtr  FunkliMi" 
Variabkn  twiichm  wdchen  KorrelatioHen  besttken.    Metron  1,  No.  1,  July,  1920. 
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Equations  (1),  (2)  and  (3)  furnish  a  complete  set  of  formulae  for 
the  determination  of  the  means,  standard  deviations,  and  coefficient 
of  correlation  of  any  two  functions  of  two  sets  of  variables  in  terms 
of  the  means,  standard  deviations,  and  coefficients  of  correlation 
of  the  variables  themselves. 

It  should  be  noted  that,  in  the  derivation  of  these  formulae,  all 

terms  of  the  third  or  higher  orders  in  the  variables  — » — » etc.,  were 

disregarded.  Therefore  in  a  practical  problem  when  the  standard 
deviation  is  large  as  compared  with  the  mean  the  formula  might  not 
give  a  sufficiently  close  approximation  to  the  true  value  of  the  cor- 
relation coefficient.  In  the  majority  of  cases,  however,  the  ratio 
of  the  standard  deviation  to  the  mean  is  a  sufficiently  small  decimal 
so  that  disregarding  its  powers  higher  than  the  second  can  have  no 
appreciable  effect  on  the  result. 

To  illustrate  the  use  of  equation  (1)  we  may  first  apply  it  to  the 
case  of  the  correlation  between  ratios.     Let  the  variables  be  x^  x% 

and  x'u  xi  and  the  ratios  be  y  =  —  and  «  =  — . 


X%  Xi 


Then        /,=!./,=  _i!^ 
Fi  =  —T'Fi  =  - 


Substituting  these  values  in  (1)  and  replacing  =—  by  vi,  - — by  V2,  etc., 
we  have 

r^^  (4) 

^  W  +  Vi'  -  2rx,x,ViV2)  {v,^  +  t^;'  -  2rxW,v\v'^. 

This  is  Pearson's^  well  known  formula  for  the  coefficient  of  cor- 
relation of  two  indices  or  ratios.  Formulae  for  the  means  and  standard 
deviations  of  y  and  z  can  be  obtained  from  equations  (2)  and  (3). 

They  are  w    =   —    [l+v^^  -  rx,xtViV2\ 

fH2 


fH2 


and       <ry  =  —  V  z;!^  +  ^2*  -  2r  ^ixi^i  %* 

nil 

*  Pearson,  K.    On  a  form  of  spurious  correlation  which  may  arise  when  indices  are  used 
in  Ike  measurement  of  organs.    Proc.  Roy.  Soc.,  London  60.    1896. 
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As  a  second  iUustration  let  us  consider  the  a»Tdatkm  b^ween 
prodacts  of  the  variables. 

IM  y  *■  XiXt    and  s  «  xi%\ 

Then  from  (1)  we  have 

(8) 


^^ 


^  (V  + 1%«  +  2rx,x,viv,)  {vt'^  + 1%'»  +  2rx^wvi'W) 


The  mean  and  standard  deviation,  derived  from  equations  (2)  and 
(3),  are  given  by 

nty  «  mitrh  [1  +  rxiXjVio^] 

and  cry  =  mifHt  V  vi^  +  vt^  +  2rx^xg  ^i^ 

If  we  condder  x^  to  be  constant  we  have  a  special  case  of  fcmntda  (5) 
df  consklerable  importance;  that  is,  the  case  of  the  corrdatioti  betweea 
the  product  of  two  variables,  y  «  Xi:Xt»  and  some  third  variaUe 

z  «  Xi. 

For  this  case 

fy^   ^  (6) 

^v  I*  +  »t*  +  2rxMVxVt 

I^ormulae  (5)  and  (6)  will  be  found  useful  in  those  cases  in  which  the 
product  of  two  measiu-able  linear  functions  is  used  as  an  index  number 
for  a  siuiace  that  cannot  be  directly  measiured,  as  is  the  case  for 
instance  in  dealing  with  the  surface  of  the  human  body. 

The  problem  of  finding  the  coefficient  of  correlation  between  some 
function  of  a  set  of  variables  and  some  other  measured  variable  is 
so  common  that  it  is  advisable  to  consider  the  form  taken  by  equation 
(1)  in  this  case.    We  would  have 

y  =  f  {xu  X2, xn)    and  z  =  F  {xi')  =  Xi\ 

Then 

n 
^j  JctTxaXi'  <fa* 

Tyz  =  •  (7) 

n        n 

\    a-1    /3-1 
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It  should  be  noted  that  the  standard  deviation  of  the  variable  Xi 
does  not  enter  this  equation  directly,  the  only  factor  involving  Xi 
being    the    correlation  coeflScient  txaxx*-     Equation   (6)   which  was 
derived  as  a  special  case  of  formula  (5)  might  have  been  obtained 
directly    from    (7). 

SPURIOUS   CORRELATION 

Attention  was  first  called  to  the  subject  of  spurious  correlation  in  a 
paper  by  Pearson^  where  he  considered  the  case  of  the  spurious  cor- 
relation between  two  ratios  of  the  form    —  and  —  .     Pearson  showed 

Xz  Xz 

that  although  Xu  ^2,  and  Xz  were  uncorrelated  variables  there  would 
be  correlation  between  the  two  ratios  "-^  and  ^ .  this  correlation  arising 

Xz  Xz 

from  the  fact  that  Xz  is  common  to  the  two  indices.  Since  this  cor- 
relation  exists  Where  there  is  no  correlation  between  Xi,  X2  and  Xz  he 
gave  it  the  name  of  spurious  correlation.  The  arguments  used  by 
Pearson  in  connection  with  the  spurious  correlation  between  ratios 
will  hold  in  the  case  of  correlation  between  any  two  functions,  and  a 
general  definition  of  spurious  correlation  might  be  given  as  follows. 

Though  no  correlation  exists  between  any  two  of  a  set  of  variables 
there  will  still  exist  correlation  between  any  two  functions  of  these 
variables  whenever  these  two  functions  have  any  of  the  variables  in 
common.  The  correlation  existing  under  these  conditions  will  be 
called   spurious   correlation. 

A  general  formula  for  spurious  correlation  may  be  derived  directly 

from  equation   (1).     Using,   as  before,   y  =  f{xu   ^, Xn)   and 

z  =  F(xi\  x^' Xk*)    we    shall  have  spurious  correlation    only 

i^hen  some  of  the  variables  X\,  x^, xn  are  identical  with  some  of 

the  variables  X\  ,  x^' Xk'^ 

Let  Xx  =  Xi 

X2  "=  X2' 

Xh  =  Xh      where h  <k    and  h  <n. 

Then,  from  the  definition  of  spiuious  correlation,  rxaX0=  0  except 
for  the  cases  where  a  =  j3  <  fe  in  which  event  rxaxfi  =  1  • 
*0p.  cit. 
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Thus  we  shall  have 


^JaFgtTa 


2 


a-1 


Pyz  — 


(J 


2/«'^« 


a-l 


2^«'^«'' 


a-l 


where  p  is  used  to  denote  spurious  correlation. 

All  of  the  special  cases  considered  under  equation  (1)  will  exhibit 
or  more  forms  of  spurious  correlation. 

Xi  Xi 

For  example,  when  y  =  —and  z  —  — ;we  may  have  three  diffei 

x%  Xt 

cases  of  spurious  correlation: 

(a)  when  the  fractions  have  the  same  denominator,  i^e.^Xi  =  Xt 

(b)  when  the  denominator  of  one  is  the  same  as  the  numerator  of 
other,  i.  e.y  x^  =  Xi' 

(c)  when  the  fractions  have  common  numerators,  i.^.,iCi  =  Xi\ 
The  formulae  for  the  spurious  correlation  in  these  three  cases  are 


(a) 


Vi- 


Pyz  = 


^   (.Vi^  +  v^^)  (t»i'»  +  '^0 


(5 


■    h 


(b) 


(c) 


-V2' 


Pyt  ~     ~ 


(K 


<    W   +   t'2')    (f2*   +   t^'*) 


Vi- 


P  yt  — 


(1 


Of  these  three  cases  the  first  one  is  the  one  which  usually  arise 
practice. 

When  the  functions  considered  are  products  they  may  ha\ 
common  factor  so  that  y  =  :3Ci^  and  z  =  rx;/^. 
Then 


/' 


V2' 


Pyz  = 


^(Vi*  +  V2*)    (f/*  +  Vi'). 


(li 
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The  foregoing  illustrations  show  a  few  of  the  equations  for  specific 
cases  of  spurious  correlation  that  can  be  derived  from  the  general 
formula.  Similar  expressions  may  be  obtained  from  equation  (8) 
for  the  spmious  correlation  between  any  two  fimctions.  The  value 
of  the  sptuious  correlation  involved  should  always  be  considered 
when  drawing  conclusions  from  the  coeflScient  of  correlation  of  any 
two  index  numbers  regardless  of  their  functional  form. 
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The  problem  may  be  stated  as  follows  :  Given  a  set  of  poii 
^\y  -^21  —  ^ n  whose  coordinates  are  Or,y,),  {r^^^),  —  (^nyn\ 
find  a  strai^lit  line  so  situated  that  the  sum  of  the  squares 
the  normal  deviations  of  the  points  from  the  line  will  be  a  n 
nimum.  Usinj?  the  equation  of  the  line  in  the  form 

(1 )  .*^  cos  a  -+- !/  sin  6t  =  /) 

the  value  of  the  residual  for  the  point  P^  is  jriven  by 


Tj  =  .'^j  cos  a  -+-  ?/j  sin  a  —  p 

This  residual  )\  is  the   line   1\L^  of  Ki^uro   1.   Now  the  sum 
the  squares  of  the  residuals  for  all  the  points  will  l.)e 

zr'=  cos^  a2j.ir  n-  sur  alir  -+-  n^ir 

(2) 

-+-  2  sin  a  cos  a2i'?//  —  2p  cos  al.r  —  2})  sin  a2// 

To  make  this  function  a  niininnini  its  partial    derivatives  wi 
respect  to  p  and  a  nuist  vanish  so  that  we  have 

-  ^ —  =  "^nn  —  2  cos  ^xl.r  —  2  sin  a^y  =  0 

(3)  dp  '    ^ 

or        cos  (iL^i-  -+-  sin  «2//  —  np  =  0 
and 


(4)    i)a 


=  —  2  sin  II  ct  )S  ixl\**"--i-  2  sin  a<"os  aZ/y"  -+-  2  icos^x  —  siirai- 
-I-  2/>  sin  r/^.'-  —  2ji  cos  a^//  =  0 

Dividinu'  \\\)  bv   //   wo  havo 

COS  a        H-  sm  fX     '   —  ;>  =  0 
n  n 

which  shows   ihat   iho  cuoiNlinatos  of  tho    cMiror    of   ijrravity 
fho  S'M.  of  [jojiiis  sriiisly  oiiuafioii  (1)  and  th--^  liot^  ninsf  ilior-f' 
[KISS  thr.>n.L!h  \\\o  ck^w^^y  ol'  Liravity.   If  now  wi^  assunio  ^h«* '.r:: 
{\\   this  point  and  lot  .,-,  /y  ho  ih*^  c-jordinaros  i»rany  |ioiiU  ro:l'rr 
to   this  oriiiin,   orinatioii   (4»   t;ik«'s  tho   forin 

—  sin  2a  ^.1'"  -f-  sin  2a  -  //'  -t-  2  cos  2a  ^.r'if  =  <* 


tan  2a  = 


2a:* -W 


Now  equation  (5)  is  satisfied  liy  two  values  of  a  that  differ 
irom  each  other  hy  IK)"  bo  that  there  an*  two  lines  passiuK 
throuf,'h  the  eenter  of  ;jrravily  at  rijfht  aii-rlt-s  fo  earli  other  that 
satisfy  conditions  (:i)  and  (I;.  Ap|ilyiiijr  the  usual  tests  we  lind 
that  one  line  makes  the  fiuiu  of  the  tiquares  of  the  residuals  a 
minimum  and  the  otiior  makes  il  a  niaxiiiiuni.  Oik;  may,  thoreforo, 
be  called  the  hesi  fittin<r  sirai^ht  lino  and  the  other  (he  poorest 
fltiiiijr  straiirht  line.  kelW-riufr  to  Fi{:iirn  1  the  host  litliii^'  straijrht 
line  is  LM  and  the  [loorost  is  IKi.  The  usual  calculus  tests  may 
he  apiilied  to  iloleriniiic  which  valn^  ol'  a  trives-  the  minimum 
and  which  the  maxinium,  Imt  this  is  hardly  necessary  in  a 
practical  prohtom. 

A  meclianical  illustrnlion  uf  this  tyjio  of  lit  can  hp  pivon 
as  fallows:  Sup|iosf>  ihe  line  LM  of  Fif^urf  1  to  bo  a  fuie  steel 
rod  lyiii}?  on  a  I'rictionless  plane,  and  let  tlie  rod  to  attached 
to  each  of  ihe  poinls  /'j,  Z'^,  —  /'„  hy  olastie  hands,  the  hands 
beiuf?  so  al(.;irhed  to  the  rod  that  tlierc  is  no  friction  ln^twecn  hand 
and  rod  so  Ihat  the  I'histifi  always  mainttins  a  position  per[)en- 
diciilar  to  the  rod.  Then  if  ihi?  equatinn  ol"  the  position  of  the 
rod  he  trivoii  liv 

.'■  cos  a  -f-  //  .sin  a-^zyi 

the  forco  wilh  which  tin*  olaslic  at  any  point  l'^  pulls  the  rod 
is  {riven  by 

Ffj  ^  A"(.''^  cos  a  -+■  tjj  sin  a  —  p) 

where  K  is  a  couslant. 

Then  to  find  the  [losition  of  e'luilihriuni   of  the  rod  we  have 

2^'  =  A'(cns  (XX.. 


(6) 


~p)-. 


-  sin  ai//  - 

since  the  sum  of  the  forces  normal  to  the  rod  nuist  vani.sh.  Also. 
-Biiioe  the  sum  of  the  moments  of  the  forces  ahout  the  origin 
must  be  zero  we  have 

2^1/  =  2if  (a*  sin  (I  —  y  cos  a)  {.»'  cos  a  -\-  ij  sin  a  —  ;))  ^  0 
or 

A'lsinacosa  2.''"-i-(sin^a  —  co.s"u)  5!.''j/  —  sin(/cos«2(/' 


(7) 


—  p  sin  aZt-  -f-  ;)  cos  a1n\  =  0 


I 

■ 

5 


t. 
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These  two  equations  (6)  and  (7)  allow  us  to  solve  for  th 
values  of  a  and  jf>  that  represent  the  position  of  equilibrium  ( 
the  rod.  But  these  equations  are  the  same  equations  as  (3)  and  (4 
therefore  the  positions  of  equilibrium  are  the  same  as  the  pc 
sitions  of  the  host  and  poorest  fitting  straight  lines.  The  bes 
fitting  straight  line  is  a  position  of  stable  equilibrium  of  the  nx 
Thus,  when  we  lit  a  straight  line  by  making  the  sum  of  rh 
squares  of  the  normal  rosi<hials  a  minimum  we  have  the  sain 
result  as  if  wo  allowed  the  line  to  come  to  rest  with  each  poin 
exerting  a  normal  pull  on  the  rod  that  is  proportional  to  ih 
distance  of  the  point  from  the  line. 

To  illustrate  the  use  of  formula  (5)  let  us  lit  a  straight  lin< 
to  the  death  rate  from  all  causes  in  Italy  from  1880  to  1910 
The  animal  doath  rates  per  thousand  averagpsd  over  live  yea 
periods  were  (1). 

1890-11)00  ™  22.9 
1901-1905=  21.9 
1906-1910  =  21.0 


ISSl- 

•188.5 —  27. :{ 

188G- 

■1890  —  27.2 

1891- 

■189-)  — 25.2 

'4. 


Taking  the  origin  at  1880.5  the  coordinates  of  the  i»oints  l 
which  we  are  to  tit  a  straight  line  are  given  in  columns  /r  au" 
y  ill  Uio  lablo  hftlow. 


•J 


.r 


I 
17 


27 


.'/ 


07  o 

•«,■  I    •  >«/ 

2  1 .9 
2  1 .0 


:*;■ 


-I 
19 
Ml 
2S9 
18-1 
729 


V 


7-45,29 
7:59.8-1 
035.0-1 
524.41 
479.01 
411.00 


,/ 


7/ 


54.6 

ino.i 

:*02. 4 

4S1.S 
5^1 7  J) 


S 


I  45.5 


1^)99 


:^5(>5.19 


li>S5.5 


Now  the  coordinatos  oi'  Ihn  centor  of  irravitv  are 


V  V 

—   ==  ]  1.5     and     -  — 
n  n 
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The  problem  may  be  staled  as  follows  :  Given  a  set  of  p 

I\y  Pg,  —  Pfi  whose  coordinates  are  {^^y^\  O^'gy^)'  —  (^«y" 
Hiid  a  straight  lino  so  situated  that  the  sum  of  the  squan 
the  normal  deviations  of  the  points  from  the  line  will  be  a 
nimum.  Using  ihe  e(iuation  of  the  line  in  the  form 


(1 )  .r  cos  a  -¥-  y  sin  a  =2^ 

the  value  of  the  residual  for  the  point  1\  is  given  I'V 

r^  =  in-^  cos  a  -+-  t/^  sin  a  —  p 

This  residual  )\  is  tho  lino  PJj^  of  Figure   1.  Now  the  sum 
the  s<iuaros  of  (he  residuals  for  all  the  points  will  be 

Zr'=  cos*  alii'^  -H  sur  alir  -^  w'/r 
(2) 

2  sin  (X  cos  a2.»'^  —  2/)  cos  a^.c  —  2;^  sin  aSy 


4 

To  make  this  function  a  minininm  its  partial    derivatives  v; 
respect  to  p  and  a  must  vanish  so  that  we  have 

_..  ::=  r>>;n 2  cos  r/i;*   2  SlU  alf/  =  0 

(3)  dp  '     ^ 

(»r       cos  a^iv  -f-  sin  a 2?/  —  np  =  0 
and 

,  ,     ^      =  —  2  s  i  n  a  ci  »s  a  I'.r**-!-  2  s  i  n  a  cos  a  Z  //*  -+-  2  ( cos'^a  —  sin't^. 
(4)    i)a 

2it  sin  (A^.r  —  :^p  r.os  a^f/  =  0 


I)ividin^•  (15)  hv  a   wo  liavo 

V  V 

COS  a        -4-  sm  a    ' p  =z  0 

)i  n 

which  shows   i.hai.   ih(^  (^lonlinaros  of  the    c«Mi»or   of  irravit} 

• 

ih(^  s^t  ol'  |H>iiiLs  s.-iiisfv  oquntioii  (T)  anil  llio  lino  musi  tlw*'- 
pass  thr«niL!h  iho  (NmiI'T  ol*  privity.  If  now  wi"^  assume  t lit' •-»''? 
at  this  jM»iiit.  and  hM  .!•,  //  l»o  ih.*  cocM-dinafcs  «»f  any  point  roleff 
to   this  iH'iiiin,   ocnialioii   (ll  takes  the   form 

—  sill  2a2:.i'~  -f-  sin  2a  ^  ij'  ■+-  2  cos  2a2ii7j^  =  0 
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THE  PROBABLE  ERROR  OF  THE  VITAL  INDEX  OF  A   POPU- 
LATION 

By  John  Rice  Miner 

D8PARTM8NT  OP  BlOMSTRY  AND  VlTAL  STATISTICS,  JOHNS  HOPKINS  UnIVKRSITV 

Communicated  February  14,  1922 

In  comparing  the  birth-death  ratios  of  different  communities  we  need 
their  probable  errors  to  determine  the  significance  of  observed  differences. 
Let  N  =  the  population  of  a  community, 
B  =  number  of  births  in  a  year, 
D  =  number  of  deaths  in  a  year.  j^ 

Then  the  birth-death  ratio  or  vital  index  is  defined  as  — =r— . 
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1( 


The  standard  errors  of  sampling  of  births  and  deaths  will  be: 


(^B 


whence  Vb  = 


-y[ 


D(N  -  D) 


IS. 

B 


=v 


1  -  B/N 


B 


Vd  = 


^D       ^  /l  -  D/N 


D 


D 


and  the  probable  error  of  the  birth-death  ratio  will  be^ 


PE 


j-^( 


bJa-B/N        \-DfN 
67.449-  \ ^r—   + 


B 


D 


(i) 


since  r  =  0,  being  the  correlation  of  errors  of  sampling  of  births  and  death 
As  B  and  D  are  small  as  compared  with  N  we  may  write  this  approximate!; 


PE 


\^\ 


=  67.449 


5V-  +  - 

D   ^  B        D 


(ii) 


This  form  has  the  advantage  of  not  involving  N,  so  that  if  the  numbe 
of  births  and  deaths  in  a  commtmity  are  known  but  not  the  populatio 
the  probable  error  of  the  birth-death  ratio  may  still  be  found. 

For  Baltimore  in  1917 
N    =  594,637 
B   =  15,040 
D    =  11,355. 

Therefore    by    (i) 


PE 


=  89.34 


j  100  B I 


V 


=  67.449 


15040 
11355 


1  - 


15040 
594637 


1  - 


15040 


+ 


11355 
594637 


11355 


0.9747        0.9809  , 

H =89.34  V. 00006481  -f  .00008638 


15040 


11355 


=  89.34  X  .01229  =  1.10. 


By  (ii) 

PE 


jioo  b) 


=  67.449 


15040        / 
11355     ^1.' 


5040 


+ 


1 


11355 


=  89.34   V. 00006649  -f  .00OaS807 


=  89.34  X  .01243  =  1.11 


In  using  these  formulae  it  should  be  borne  in  mind  that  the  expressio: 
for  the  standard  deviation  of  an  index,  which  has  been  used  in  their  dei 
ivation,  is  obtained  on  the  assumption  that  deviations  are  small  comparec 
with  the  mean  vahies  of  the  variables.     This  will  be  true  if  B  and  D  are  o 
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fair  size,  but  the  formulae  should  not  be  used  for  very  small  absolute 
numbers  of  births  and  deaths. 

'  Papers  from  the  Department  of  Biometry  and  Vital  Stati9tics,  School  of  Hygiene 
and  Public  Health,  Johns  Hopkins  University,  No.  52. 

'  Pearson,  K.  On  a  form  of  spurious  correlation  which  may  arise  when  indices  are 
used  in  the  measurement  of  organs.     Proc.  Roy.  Soc.,  60,  1897  (489). 
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NOTE  ON  A  CASE  OF  HUMAN  INBEBBDINQ' 

Through  the  kindness  of  a  friend  the  following  pedigree  is 
presented.  It  is  that  of  a  family  of  English  stock,  which  has 
been  in  this  country  since  the  early  eighteenth  eentory,  and 
during  that  time  has  been  one  of  the  principal  families  of  a 
rural  community. 


SnERN.  OnCR  CNUREN 
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1 

A  oncp  cmsxoi 
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Pio.  1.    Pedlfree  of  an  Inbrtd  fiunlly. 


To  quote  from  my  correspondent's  letter,  "A  was  a  fine 
young  girl.  She  had  graduated  from  high  school  but  did  not 
go  to  college  as  her  mother  had  died  in  the  summer  and  she 
wished  to  take  charge  of  the  home.  B  is  about  16  years  old.  A 
splendid  young  man,  bright  and  apparently  healthy.  He  is  in 
school  standing  about  average.  C  is  10  years  old  or  thereabouts. 
An  exceptionally  bright  child  and  one  that  is  very  much  alive 
and  full  of  spirit.'' 

Assuming  that  the  line  of  descent  represented  in  the  figure  by 
a  broken  line,  indicating  that  the  number  of  generations  is  not 
known,  includes  the  same  number  of  generations  as  the  other 
lines  the  coefficients  of  inbreeding  *  for  the  children  in  the  last 

1  Papers  from  the  Department  of  Biometry  and  Vital  fitatiaties,  Sehod  of 
Ilygiene  and  Public  Health,  Johns  Hopkins  University.    No.  41. 

2  Pearl,  **  Studies  on  Inbreeding,"  I-VTII,  American  Naturalist, 
1913-17. 
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generation  (viz.,  A,  B,  and  C)  are  as  follows: 

Zi  =  0,  Z4  =25, 

Zj  =  25,  Z,   =34.37, 

Z3  =  25,  Zt„  =  27.1, 

i.e.,  in  five  generations  of  ancestry  the  inbreeding  is  about  a 
quarter  of  the  possible  maximum. 

There  is  no  deleterious  effect  of  inbreeding  apparent  in  this 
pedigree.  The  three  children  in  the  last  generation,  the  most 
inbred  of  any,  show  no  signs  of  abnormality.  In  their  father's 
fraternity,  for  which  Z,  =Z2  =  Z3  =  0;  Z4  =  12.5;  Zt4=4.1, 
or  in  four  generations  of  ancestry  there  is  345  of  the  possible 
maximum  inbreeding,  one  of  eight  died  of  tuberculosis;  the 
other  seven  have  attained  adult  age.  In  the  mother's  fraternity, 
for  which  Zi  =  Z2  =  Z3  =  0;  Z4  =  6.25;  Zt4  =  2.0,  two  out  of 
the  three  have  died  of  tuberculosis.  The  least  inbred,  there- 
fore, show  the  greatest  susceptibility  to  tuberculosis.  The  num- 
bers are,  of  course,  too  small  to  draw  any  certain  inference,  but 
so  far  as  they  go,  they  accord  best  with  the  view  that  there 
is  no  harmful  effect  of  inbreeding  per  se. 

John  Bice  Miner 
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NOTE  ON  MOVING  EQUIUBRA* 
By  Alfred  J.  Lotka 

Brooklyn,  N.  Y. 
Communicated  by  R.  Pearl,  March  12,  1921 

A  ntunber  of  previous  publications^  have  been  devoted  to  the  study, 
from  various  angles,  of  a  material  system  evolving  in  accordance  with  a 
system  of  differential  equations 

dXi  I  dt^F,{Xi,  X,,...;Ai,  A,,...;P;  Q)  (1) 

where  the  X*s  denote  the  masses  of  the  several  components  of  which  the 
system  is  built  up;  the  A*s  are  parameters  introduced  by  any  equations 
of  constraint  to  which  the  X's  may  be  subject;*  the  parameters  P  include 
geometrical  constraints  (volume,  area,  topography)  and  also  other  quanti- 
ties serving  to  define  the  state  of  the  system  (temperature,  etc.).  The  Q's 
define  the  character  of  the  several  components  or  species. 

The  discussion  has  hitherto  been  restricted  to  the  case  that  the  param- 
eters A,  P,  Q  remained  constant  during  the  transformations  taken  in 
view.  A  complete  discussion  of  the  evolution  of  systems  of  the  kind  re- 
ferred to  must  include  also  the  consideration  of  changes  in  these  param- 
eters. 

Such  changes  may  be  grouped  under  three  heads: 

1.  Changes  of  a  perfectly  general  character.  A  study  of  these  would  re- 
solve itself  into  a  discussion,  on  a  general  basis,  of  a  system  of  differential 
equations  of  the  form 

dX,/d<=F,(X„AV...,0  (2) 
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It  is  not  mteoded  to  enter  here  into  this  perfectly  general  case.     It  will  suf- 
fice to  point  to  the  purely  mathematica]  literature  on  the  subject." 

2.  Changes  in  tlie  parameters  A,  P,  Q  proceeding  very  slowly  as  com- 
pared with  the  speed  of  readjustment  of  the  X's.  In  this  case  the  system, 
after  passing  through  a  "transient"  state,  ultimately  settles  down  to  a 
"moving  equilibrium."  The  study  of  this  case  therefore  comprises  two 
phases,  which  may  with  advantage  be  taken  up  separately.  The  phase  of 
the  moving  equilibrium  is  of  particular  interest,  since  such  moving  equili- 
bria play  an  important  rflle  in  the  evolution  of  physical  systems,  as  pointed 
out  years  ago  by  Herbert  Spencer.* 

3.  We  may  study  the  effect  of  a  change  in  a  parameter  A.  P  or  Q  upon 
the  equilibrium  of  the  system  alone,  irrespective  of  the  process  by  which 
that  equilibrium  is  reached.  It  is  in  this  cuse  immaterial  whether  the 
change  is  slow  or  rapid.  Into  this  division  of  the  subject  fall  such  relation 
as  the  principle  of  Le  Chatelier,  the  tliermodynamic  laws  of  equilibrium 
and  the  "reciprocal  relations"  of  statistical  mechanics. 

The  application  of  some  of  these  principles  to  biological  and  social  sys- 
tems has  been  essayed,  but  it  cannot  be  said  that  the  rigor  of  the  attempts 
thus  made  is  satisfactory.  It  would  therefore  be  desirable  to  go  over  the 
ground  and  consolidate  it.  An  effort  in  this  direction  is  taken  in  view  as 
part  of  the  plan  into  which  the  present  contribution  is  fitted.* 

Of  the  general  field  outlined  above,  the  portion  to  which  we  shall  now 
give  our  attention  is  that  of  moving  equilibria. 

Our  fundamental  system  of  equations  we  shall,  for  our  present  purpose, 
write  in  the  form  (2).  Furthermore,  merely  in  order  to  simplify  our  nota- 
tion, we  will  restrict  the  number  of  dependent  variables  to  two,  which,  to 
avcrid  subscripts,  we  will  denote  by  X,  Y.     We  have,  then 

dXidt^Fr{X.Y,t),        dY/difFtiX.Y.t).  (3) 

We  adopt  a  method  of  successive  approximations.  Snce  the  system  i> 
near  equilibrium,  we  write  for  our  first  approximation 

0=Fi(Xi',(), 
Solving  for  X  and  Y  we  then  have 

Xi  =^(0, 

whence  by  differentiation 

dX,/dt=X,'  =<(>'t(fi. 
Proceeding  to  a  second  approximati<ni,  we  substitute  (6)  in  (3). 

P'.(0-F.,        ^'.(()-F,.  (7) 

Solving  again  for  X,  Y, 

We  may  again  differentiate, 

X't  =  p'i{t).        Yt^rtit).  (9) 

and,  substituting  as  before,  we  obtain  a  third  apprcndmation.    We  coo- 
tinue  this  process  as  far  as  may  be  desired,  and  finally  obtain  toe  the*  ^ 


-F,(x,y,(). 

(4) 

X,  -wo. 

(5) 

dY,/dt.Y\  -fM- 

(«) 
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approximation 

Xn^iPnit).  Yn^Mt).  (10) 

If  the  functions  ^M,  ^m,  and  ip\,  i/'n,  obtained  by  these  successive  approx- 
imations tend  toward  a  limit  as  n  is  increased  indefinitely,  then  it  can 
easily  be  shown  that  (10)  is  a  solution  of  (3). 

It  seems  to  be  somewhat  difficult  to  give  in  general  terms  the  conditions 
for  this  convergence  of  successive  approximations  toward  a  limit.  How- 
ever, the  following  example  will  show  how  in  individual  cases  the  question 
regarding  this  convergence  can  sometimes  be  readily  answered. 

For  our  example  we  take  the  case  of  radioactive  equilibrium.  We  have 
a  chain  of  transformations 

A—^B—^C—^D  (11) 

We  will  denote  the  masses  of  A,  B,C,D  at  time  t,  respectively,  by  U,  X,  y, 
Z,  and  their  values  at  time  /=0  by  the  same  letters  with  the  subscript 
zero. 

We  may  if  we  choose  (this  is  a  purely  arbitrary  matter)  pick  out  the  sub- 
stances B  and  C  for  our  evolving  system,  and  look  upon  A  and  D  as  exter- 
nal factors  influencing  the  system.  The  system  composed  of  B  and  C  is 
then  subject  to  an  equation    of  constraint 

X+Y^Xo  +  Yo+Uo-  U  +  Zo-  Z  (12) 

in  which  the  quantities  appearing  in  the  right  hand  member  are  param- 
eters of  the  dass  denoted  above  in  equation  (1)  by  A,  that  is  to  say,  par- 
ameters introduced  by  the  equation  of  constraint.  Four  of  them  are  con- 
stants, the  other  two  are  functions  of  i.  Of  these  last  two  one,  namely 
I/,  will  appear  in  the  equations  representing  the  coiu-se  of  evolution  of  the 
system  composed  of  B  and  C.  These  equations,  according  to  the  well- 
known  laws  of  radioactive  transformations  are 

dX/dt^aU  -  bX,        dY/dt  =  bX  -  cY.  (13) 

where  a,  6,  c  are  constants.  U,  on  the  other  hand,  is  a  function  of  the  time, 
namely 

[/=[/(,^-^'  (14) 

For  our  first  approximation  we  put,  then, 

dX/dt  =  0  =  aUi^-'''  -bXi        dY/dt  =  0  =  bXi-cYi    (15) 
whence 

Xi^a/b,  Uor''\        Yi=a/c.  [/oe-*',  (16) 

and  therefore 

X\  =  -aVfc.  U^""',         Y\  =  -  a^/c.  I/o^^.  (17) 

The  second  approximation  now  gives 

dX/dt^X\=^-ayb.  U^-'^'^aUor'''  -  bXt  (18) 

dY/dt-Y'i^^-ayc.  C7oe-^=6X2  -  cYt  (19) 

Whence 

Xt^a/b.  l/or^  (  1  +  a/b)  (20) 

Yi^a/c.  I/or^  (  1  +  a/6  +  a/c)  (21) 


I 
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Continuing  this  process  we  find,  ultimately, 

Xn = a/b  C/oT^  (1  +  a/b  +  aV6*  + ...  )  (22) 

Yn^a/c  l/o^^  (1+  a/b  +  a/c  +  a^/b^  +  a^/bc  +  a^/<^  +  . . .)  (23) 

In  this  example  the  condition  for  the  convergence  of  the  successive  ap- 
proximations is  immediately  apparent.    We  must  have 

a/6<l,        a/c<l\  (24) 

that  is  to  say,  the  parent  substance  A  must  have  a  smaller  decay  constant 
than  any  of  the  succeeding  members  of  the  series.  For  obvious  reasons 
this  condition  is  always  satisfied  in  natural  radioactive  mixtures.* 

The  series  (22),  (23)  bring  out  the  relation  between  the  unanrected 
equilibrium,  as  commonly  computed  on  the  assumption  of  constancy  of 
mass  of  the  parent  substance,  and  the  true  equilibrium.  The  first- 
mentioned  (for  which  Rutherford  has  suggested  the  term  "secular  equi- 
librium") is  represented  by  the  first  term  of  the  series.  As  Rutherford 
points  out,  the  error  of  the  first  approximation,  i.e.  the  difference  between 
the  secular  and  the  true  equilibrium,  amounts,  in  some  cases,  to  nearly  1% 
though  in  others  the  error  is  quite  negligible. 

The  series  are  easily  summed,  and  then  lead  to  the  well-known  expres- 
sions obtained  by  other  methods  (for  the  equations  of  radioactive  change 
are  readily  integrable  in  finite  terms,  while  the  method  here  developed  is 
applicable  also  in  more  refractory  cases). 

The  case  of  radioactive  equilibritun  was  here  selected  as  an  illustration, 
primarily  because  the  ftmctions  involved  are  known  and  of  simple  form. 
But  the  same  example  will  serve  very  aptly  to  illustrate  also  some  other 
points. 

In  the  first  place  we  observe  that  moving  equilibria  might  be  divided 
into  three  classes,  according  as  their  progress  is  determined  by  a  change  in 
the  P's,  the  Q's  or  the  A's.  As  has  been  shown,  the  radioactive  equilib- 
rium is  of  the  type  in  which  the  pace  is  set  by  a  parameter  of  the  class  A, 
namely  tlie  mass  of  one  of  the  links  in  the  chain,  which  thus  acts  as  a  brake, 
or  a  limiting  factor  checking  the  series  of  transformations.  Such  limiting 
factors  play  an  important  r61e  also  in  the  highly  complex  network  of  inter- 
locking cycles  upon  which  the  continuance  of  abundant  life  upon  the 
earth  depends.  For  life  processes  are  energy  transformation  processes 
carried  out  by  the  agency  of  material  energy  transformers.  Such  trans- 
formers, if  they  are  to  work  continuously  and  indefinitely  must  perforce 
work  in  closed  transformation  chains  or  cycles  (such  as  the  cycle  CO^ — > 
Plant — > Animal — >C02).  The  moving  equiUbria  engendered  in  such  sys- 
tems of  cycles  by  a  slow  change  in  a  limiting  factor,  in  a  parameter  of 
class  A,  invite  further  study.  The  influence  of  man  upon  the  world's 
events  seems  to  have  been  largely  to  accelerate  the  circulation  of  matter 
and  energy  through  such  cycles,  either  by  "enlarging  the  wheel",  i.e.,  in- 
creasing the  mass  taking  part  in  certain  cycles,  or  else  by  causing  it  to 
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"spin  faster,"  i.e.,  increasing  the  velocity  of  the  circulation,  decreasing 
the  time  required  for  a  given  mass  to  complete  the  cyde.  In  either  case 
he  has  increased  the  energy  turn-over  per  unit  of  time.  Whether,  in  this 
he  has  been  unconsciously  fulfilling  one  of  those  laws  of  nature  according 
to  which  certain  quantities  tend  toward  a  maximum,  is  a  question  well  de- 
serving of  our  attention. 

*  Papers  from  the  Department  of  Biometry  and  Vital  Statistics,  School  of  Hygiene 
and  Public  Health,  Johns  Hopkins  University,  No.  44. 
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(2,  49.  66);  Science  Progress,  SS^  1920  (406-417);  Proc,  Am,  Acad.  Arts  Sci„  55,  1920 
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*  At  the  time  of  reading  proof  this  project  is  partially  realized.  A  discussion  of  the 
applicability  of  the  Le  Chatelier  principle  to  systems  of  the  general  character  here 
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NOTE  ON  THE  ECONOMIC  CONVERSION  FACTORS  OF  ENERGY' 

By  Alfred  J.  Lotka 

Brooklyn,  Nbw  York 
Communicated  by  R.  Pearl,  June  20,  1921 

That  there  is  some  relation  between  physical  energy  and  economic 
value  has  been  more  or  less  clearly  recognized  by  several  authors.  So 
G.  Helm,  for  example,  conceives  of  an  "economic  energy,**  whose  capacity 
factor  is  quantity  (of  commodity),  and  whose  intensity  factor  is  measured 
by  the  price  paid  per  unit  quantity.  A  certain  justification  for  this  stand- 
point may  be  found  in  the  fact  that  on  the  one  hand  goods  having  economic 
value  can  be  exchanged  for,  and  in  this  sense  converted  into  energy;  while 
on  the  other  hand  the  movement  of  commodities  in  an  economic  system, 
that  is  to  say,  the  transfer  of  property  by  sale  and  purchase,  is  determined 
by  differences  in  economic  value  in  much  the  same  way  as  the  transfer  of 
energy  from  one  portion  of  a  physical  system  to  another  is  determined  by 
differences  in  the  intensity  factor  of  the  energy  concerned  in  the  change. 
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From  Helin's^  standpoint,  money  would  represent  the  most  fluid  fonn 
of  economic  energy,  convertible  freely  into  any  other  form  of  economic 
energy.  Attention  to  this  rdle  of  money  is  also  drawn  by  Ostwald,  who, 
however,  expressly  makes  the  reservation  that  money,  although  bearing 
a  certain  resemblance  to  energy,  is  not  essentially  identical  therewith.* 

Nevertheless,  as  we  all  know,  money  is  convertible,  by  purchase  upon 
the  market,  into  various  forms  of  energy,  at  rates  somewhat  variable, 
yet  in  some  manner  determinate. 

The  question  therefore  arises,  what  is  it  that  determines  the  ratio  of 
conversion  of  various  forms  of  energy  by  exchange  upon  the  market? 

The  physicist  is  f amiUar  with  two  kinds  of  conversion  factors  of  energy. 

The  first  kind  of  factor  is  that  which  enters  into  the  analytical  expres- 
sion of  the  first  law  of  thermodynamics,  the  expression  of  the  constancy 
in  ratio  of  the  amounts  of  several  forms  of  energy  replacing  each  other  in 
physical  transformations. 

The  second  kind  of  factor  relates  to  that  fraction  of  energy  transformed, 
which  can  be  recovered  in  a  selected  form,  and  expresses  the  "efficiency" 
of  the  transformation  or  of  the  transformer  taken  in  view. 

It  is  one  of  the  central  data  of  thermodynamics  that  the  equivalence 
factor  is  always  independent  of  the  mechanism  by  which  the  transfor- 
mation  is  effected,  while  the  efficiency  factor  is  thus  independent  in  the 
ideal  case  of  a  reversible  transformation 

It  is  this  independence  which  makes  the  two  laws  of  thermodynamics 
so  fertile  as  tools  for  drawing  conclusions  regarding  the  course  of  physical 
events.  Anyone  who  has  ever  sought  to  show  a  perpetual  motion  inventor 
just  why  his  machine  cannot  work  will  appreciate  the  economy  of  thought 
and  language  which  is  seciu-ed  by  direct  application  of  these  principles. 

Now  in  the  transformation  of  energy  by  economic  exchange  upon  the 
market  we  are  dealing  with  a  third  type  of  conversion  factor.  The  physical 
relations  here  involved  are  so  complex  that  we  are  apt  to  overlook  al- 
together that  they  are  physical.  Still  less  do  we  ordinarily  recognize 
their  precise  character. 

A  simple  example  may  help  to  clarify  the  view:  the  case  of  the  auto- 
matic vending  machine,  the  penny-in-the-slot  chocolate  dispenser,  for 
instance. 

The  saHent  facts  here  are : 

1 .  A  definite  amount  of  money  brings  in  exchange  a  definite  amotmt  of 
commodity  (and  of  energy). 

2.  The  physical  process  is  a  typical  case  of  **trigger  action,"  in  which 
the  ratio  of  energy  set  free  to  energy  appHed  is  subject  to  no  restricting 
general  law  whatever  (e.g.,  a  touch  of  the  finger  may  set  off  tons  of  dyna- 
mite). 

3.  In  contrast  with  the  case  of  thermodynamic  conversion  factors,  the 
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proportionality  factor  is  here  determined  strictly  by  the  particular  mechan- 
ism employed. 

Reflection  shows  that  all  transformations  of  money  or  of  economic 
assets  of  any  kind  into  energy  by  exchange  upon  the  market  are  of  this 
character.  It  is  always  a  case  of  trigger  action.  Somewhere  there  is  a 
store  of  available  energy,  which  can  be  tapped  with  an  expenditure  of 
greater  or  less  effort.  The  payment  of  the  price  sets  in  motion  the  requi- 
site machinery  for  the  release  of  that  energy  (or  for  its  transfer  of  ownership, 
the  release  being  delayed  at  the  discretion  of  the  buyer). 

In  view  of  the  entire  absence  of  any  general  law  regulating  the  ratio  of 
energy  released  to  energy  applied  in  such  case  of  trigger  action,  we  may 
ask  the  question,  how  does  it  come  about  that  economic  conversion  factors, 
economic  ratios-in-exchange  of  different  forms  of  energy,  display  any 
regularity  whatever? 

We  have  been  accustomed,  in  thermodynamics,  to  disregard  mechanism. 
In  dealing  with  energy  conversions  by  trigger  action  we  must  make  a 
complete  change  of  attitude.  Here  everything  depends  on  mechanism. 
If  we  find  any  degree  of  regularity  in  the  conversion  factors,  this  must  be 
due  to  regularities  in  the  mechanism,  i.e.,  in  the  human  organism,  and 
its  social  aggregations;  and  we  cannot  hope  to  make  any  progress  in  our 
understanding  of  the  physical  principles  involved  except  by  taking  due 
account  of  the  mechanism. 

In  view  of  the  extreme  complexity  of  the  systems  in  which  economic 
phenomena  have  their  course,  it  may  appear  hopeless  to  attempt  analysis. 
But  reflection  shows  that  the  complexity  is  in  the  details;  the  broad  under- 
lying features  resolve  themselves  into  comparatively  simple  lines. 

Our  vital  interest  in  physical  energy  arises  out  of  the  following  facts: 

1.  The  body  of  a  living  organism  is  not  in  equilibrium  with  its  sur- 
roundings. In  other  words,  the  living  body  (and  also  the  dead  body,  for 
some  time  after  death,  as  popularly  conceived),  in  its  natural  environment, 
is  a  source  of  available  energy. 

2.  Though  not  in  equilibrium  with  its  surroimdings,  the  hving  body 
is  in  an  approximately  steady  state;  furthermore,  it  is  one  of  the  essential 
conditions  for  the  continuance  of  life  that  this  approximately  steady  state 
be  maintained.  Extreme  departures  therefrom  result  in  permanent  dis- 
placement from  the  steady  state,  and,  ultimately,  in  the  dissipation  of 
the  available  energy  presented  in  the  substance  of  the  organism. 

3.  In  the  coiu-se  of  events  a  certain  amount  of  available  energy,  varying 
according  to  the  nature  of  the  organism,  is  unavoidably  dissipated,  per 
unit  of  time. 

It  follows  that  every  organism,  in  order  to  maintain  the  steady  state 
necessary  for  its  survival,  must  be  provided  with  devices  for  capturing 
available  energy. 
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Purthermore,  in  the  competition  which  takes  place  among  organisms, 
the  advantage  must  go  to  those  whose  energy-capturing  devices  are  most 
effective  in  directing  available  energy  into  such  channels  as  are  favorable 
to  the  preservation  of  the  species. 

In  man,  as  an  organism  of  the  animal  type,  the  mechanism  for  capturing 
available  energy  comprises  three  elements: 

1.  Sense  Organs,  or  Receptors,  whose  ftmction  is  to  establish  a  certain 
rather  close  correlation  between  the  state  of  the  environment  and  that 
of  the  individual.  Their  ftmction,  in  fact,  is  to  depict  the  external  world 
in  the  organism,  to  apprise  him  of  the  state  of  his  environment. 

2.  Organs  of  Operation,  or  Effectors,  such  as  hands,  feet,  etc.,  by  means 
of  which  the  individual  reacts  physically  upon  his  environment  so  as  to 
modify  it,  or  to  modify  his  relation  to  it  (as,  for  instance,  by  locomotion). 

3.  Organs  and  Faculties  of  Adjustment,  or  Adjustors,  whereby  the 
action  of  the  Effectors  is  adjusted  in  accordance  with  the  indications 
furnished  by  the  sense  organs  (receptors),  and  with  the  needs  of  the  or- 
ganism. 

Among  these  adjuster  faculties  one  which  figures  prominently  and 
plays  an  important  r61e  is  what  we  may  call  the  sense  of  values^  that 
faculty  which  we  exercise  when  we  are  confronted  with  two  or  more  alter- 
native courses  of  action,  from  which  one  must  be  selected.  In  such  a 
situation  we  choose  the  course  which  appears  to  us,  subjectively,  the 
more  desirable,  and  we  do  not  ordinarily  give  any  thought  to  the  question 
as  to  what  may  be,  objectively,  the  significance  of  ** desirability,"  any 
more  than  we  do  ordinarily  concern  ourselves,  in  viewing  a  landscape,  as 
to  the  particular  wave-length,  the  objective  characteristic,  of  the  light 
which  to  our  subjective  judgment  appears  * 'green.*' 

And  yet,  for  the  interest  of  the  species,  it  is  evidently  far  from  indif- 
ferent what  may  be  the  objective  characteristics  of  those  things  which  to 
us  appear,  subjectively,  desirable.  Upon  the  proper  adjustment  of  the 
sense  of  values,  of  the  "tastes,"  to  certain  objective  reahties  depends  the 
welfare  of  the  species.  A  nation  of  drunkards,  for  example,  is  not  destined 
to  figure  among  the  winners  in  the  struggle  of  evolution. 

If,  then,  the  physicist  has  been  interested  in  discovering  the  objecti\T 
significance  of  the  indications  of  our  sense  organs,  if  he  has  thought  it 
within  his  province  to  investigate  the  relation  between  color  and  wave- 
length, between  musical  pitch  and  frequency,  then  it  is  equally  a  problem 
for  the  physicist  to  enquire  into  the  physical  basis  of  economic  value. 

The  groimd  has  been  prepared  for  this  enquiry  by  the  mathematical 
economists  in  their  hedonistic  calculus.  A  person  having  at  his  disposal 
a  given  sum  of  money,  and  being  confronted  with  the  necessity  of  choosing 
between  different  ways  of  spending  it,  will  seek  so  to  apportion  his  ei- 
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penditures  as  to  procure  for  himself  a  maximum  of  pleasure.  So,  for 
example,  if  the  choice  lies  between  two  commodities  C\  and  Ct  (which  may, 
in  particular,  be  certain  forms  of  energy)  he  will  purchase  quantities 
^1  and  ^2,  respectively,  such  that,  if  his  total  pleasure  derived  from  the 
purchase  is  12,  then 

where  dqu  dqi  are  small,  arbitrary  increments  in  the  quantities  of  the 
commodities  Ci,  Ct  purchased.  If  pu  p2  are  the  prices  upon  the  open 
market,  say,  per  unit  quantity,  of  commodities  Ci,  C2,  respectively,  then 
evidently  the  corresponding  increment  in  expenditure  is  pidqi  +  p^z. 
But  the  sum  of  money  to  be  spent  is  fixed.     We  must  have,   therefore, 

pi  dqi  +  p2fiq2  =  0  (2) 

It  follows,  then,  from  (1)  and  (2),  that  the  individual  will  so  apportion 
his  purchases,  that 

^-  // 1?  =  ^'  (3) 

Oq\  /    OQi       p2 

If  the  commodities  Cu  C2  are  'necessities  of  life,**  whose  influence  upon 
the  life  of  the  species  is  to  increase  r,  the  proportional  rate  of  increase  of 
the  species,  tlien,  evidently,  the  interests  of  the  species  demand  that  the 
purchases  be  so  apportioned  as  to  make  r  a  maximum,  and  thus,  by  similar 
reasoning,  to  make 

^    /^  =  ^  (4) 

i>qi  I   i>q2       pi 

If  we  regard  the  sense  of  values  as  a  device  for  attaining,  as  nearly  as 

may  be,  the  adjustment  (4),  then  we  see  that  a  perfect  sense  of  values  would 

make 

di)    /  di]  ^  dr     /  dr  ,  . 

2>gi  /    dgo  "  d^i  /    ^'i 
So  that,  in  a  community  of  organisms  endowed  with  a  sense  of  values  thus 

perfectly  adjusted,  the  marginal  utilities  r-   (and  hence  the  prices  on 

dr 
an  open  market)  would  be  proportional  to  the  partial  derivatives  ^.     In 

practise  this  proportionality  will  not  be  actually  reached;  but  it  repre- 
sents the  limiting  state  towards  which  a  race  must  tend  to  evolve.  For, 
a  race  having  tastes  radically  at  variance  with  the  exigencies  of  race 
propagation  (measured  by  the  rate  of  increase  r),  could  not  long  survive, 
as  pointed  out  years  ago  by  Herbert  Spencer.* 

It  is  this  tendency  to  approximate  (perhaps  somewhat  remotely)  to  the 
adjustment  (5),  which  gives  rise  to  fairly  definite  economic  in tercon version 
factors  of  different  forms  of  energy,  as  purchased  upon  the  market,  and 
applied  to  specific  uses.    There  is  no  need  to  invoke  a  specific  * 'economic 
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energy;"  on  the  contrary,  our  analysis,  in  wliich  the  quantities  c- 

a  significant  r61e,  lends  little  support  to  Helm's  view  regarding  the  phy 
dimensions  of  economic  value.  Such  value,  or,  to  use  more  exact  tei 
"marginal  utility,"  does  not,  in  the  analysis  here  presented,  appear  as 
intensity  factor  of  an  energy. 

■  Papers  from  the  Department  at  Biometry  and  Vital  Statistics.  School  of  Hyj 
and  Public  Health,  Johns  Hopkins  University,  No.  40. 

<  Helm,  G..  Die  Lehre  ton  dtr  Enerpe,  Leipsic,  1887,  pp.  72  et  seq. 

>  Ostwald,  W.,  EnergeHsche  GruiuUagen  der  KvUurwisuntchaflat,  Leipsic.  190! 
155.  Dit  PkOosopkie  dtr  Werte.  Leipsk,  1913,  pp.  260,  314-317.328.  328.  An 
other  writers  nho  touch  on  the  subject  of  the  relation  of  economic  value  and  pric 
energy  are;  Budde,  EnergU  und  Rtckt.  I,cip»c  1902,  p.  56;  Winiarski.  "Essays 
Micanique  Soaalc,"  Rome  Phitosophiqtu.  1900,  vol.  49.  p.  113.  See  also  J.  David 
Qu.  J.  Economics,  Aug  ,  1919.  p.  717. 

<  And  for  otiiers  whose  pains  and  pleasures  he  makes  his  own. 
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A  SIMPLE  GRAPHIC  CONSTRUCTION  FOR  PARK'S 
RELATION  BETWEEN  BIRTH-RATE,  DEATH- 
RATE,  AND  MEAN  LENGTH  OF  LIFE* 

Bt  AlFRBO  J.  LOTKA 


( 


In  a  previous  articlef  the  writer  has  discussed  the  rational  baat 
Parr's  rulet 

1.1+?. 1»L 
3    6     3    d 

where 

&= birth-rate  per  head 

d  — death-rate  per  head 

L  =  mean  length  of  life. 

Writing  Farr's  rule  in  the  more  general  form 

b^    d 


or 


1  1     1     1 


(i 

{b-p){d-q)=pq  f 

it  was  shown  in  the  paper  cited  how  the  values  of  P,  Q  (repreaentdi 

1     j' 
Farr's  formula  by  the  approximate  numerical  coefficients  -  ^"J 

could  be  determined  exactly. 


*  Papen  from  the  Department  of  Biometry  (xnd  Vitai  Statietiea,  School  of  Hygiene  amd 
Johne  Hopkine  Univereity.     No.  46. 

t  Quart.  Pub.  Am.  Statie.  Aeen.,  Sept.,  1918,  p.  121. 
:  Quoted  by  Newtholme,  Vital  StaHatiee,  1899.  p.  301. 
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In  the  course  of  some  work  on  malaria  epidemiology  now  in  progress 
^^d  to  be  published  elsewhere  later,  a  somewhat  similar  relation 
^tween  certain  variables  was  encountered,  leading  to  the  following 
graphic  construction. 

r 


I 


0337-6 


(8) 


(9) 


(10) 
(11) 


Along  OX  mark  off  a  length  OP = p  =  — 

Li 

Along  OY  mark  off  a  length  OQ-q  =  ^ 

Li 

Complete  the  rectangle  QOPM 

Suppose  we  are  now  given 

6=0.0337 

It  is  required  to  find  d 

Along  OX  mark  off  07=0.0337 

Join  VM  and  produce  it  to  meet  OY  mU 

Read  off  at  U  on  the  scale  of  OF 

d= 0.0200.  (12) 

The  figures  employed  in  this  example  are  those  for  the  female  pop- 
ulation of  England  and  Wales  1871-80,  a  period  during  which  (as  the 
writer  has  previously  shown)  the  observed  figures  for  many  character- 
istics of  the  population  agree  very  closely  with  those  computed  for  a 
**  Natural  Population  Norm."*    In  the  particular  instance  here  chosen 

•  Jtmt.  IFa«Atn0<oift  Aead.  Set..  toL  8,  May.  1018,  pp.  241-«0. 
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the  numerical  values  were 

P-0.2631  (] 

Q -0.7369  (1 

L- 44.62  (: 

f -0.01661  ( 

^-0.00590  ( 

0.2631  -  +0.7369  i  «  44.62.  ( 

b  d 

Putting  b«  0.03373  (observed)  we  find  ( 

d  -  0.02000  (calculated)  (! 

as  against 

d-0.020001  (observed).  (i 

I  take  this  opportunity  thus  to  supplement  the  data  given  for  1 
male  population  in  my  previous  paper.  At  the  time  it  was  writi 
the  extraordinarily  close  agreement  between  calculated  and  obsen 
figures  for  the  female  population  had  escaped  my  notice. 
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THE  GENERAL  CONDITIONS  OF  VAUDITY  OF  THE 
PRINCIPLE  OF  LE  CHATELIER.^ 

By  Alfred  J.  Lotka. 

RMflived  May  20.  1921.  Presented  by  Raymond  Pearl. 

The  derivation  of  the  principle  of  I^e  Chatelier  from  the  laws  of 
thermodynamics  is  familiar. 

We  may  approach  a  converse  problem.  What,  in  the  broadest 
terms,  are  the  conditions  which  a  system  must  satisfy  in  order  that  the 
principle  shall  apply  to  it?  The  interest  of  this  problem  arises  from 
the  fact  that  we  have  reason  to  suspect  these  conditions  may  prove 
broader  than  the  domain  within  which  the  laws  of  thermodynamics 
are  conveniently  applicable.*  We  may  therefore  expect  that  a  satis- 
factory solution  of  the  converse  problem  may  enable  us  to  make 
rigorous  application  of  the  principle  to  systems  to  which,  from  lack  of 
suflScient  data  it  may  be  impossible,  or  from  other  causes  it  may  be 
inconvenient  to  apply  thermodynamic  methods. 

Consider  a  system  whose  state  is  defined  in  terms  of  a  variable  z 
and  a  paramenter  G.  The  system  is  one  of  that  class,  the  history  of 
which  follows  a  law 

f  =  /(=r.  G)  (1) 

(For  example,  it  may  consist  of  a  mixture  of  (^i—  2z)  mols  H2O 
vapor,  (^2+  2x)  mols  of  hydrogen,  and  (-^3+  a:)^mols  of  oxygen  at 
2000  deg.  C.  in  a  rigid  enclosure  of  volume  G;  Ai,  Az,  Az  being  con- 
stants, namely  initial  masses).  It  is  understood  that  other  para- 
meters besides  G  may  enter  into  the  function  /,  but  it  is  unnecessary 
to  set  them  forth  explicitly,  since  in  the  reflections  which  follow  only 

I  Papers  from  the  Department  of  Biometry  and  Vital  Statistics,  School  of 
Hygiene  and  Public  Health,  Johns  Hopkins  University,  No.  37. 

3  See  Ehrenfest,  Zeitschr.  fiir  phys.  Chem.  1911,  vol.  77,  pp.  227,  244; 
Wolchonsky,  Jl.  Russ.  Phys.  Chem.  Soc,  1912,  vol.  44,  pp.  305,  310;  Chwol- 
8on,  Lehrbuch  der  Physik,  1909,  vol.  3,  p.  547;  Bancroft,  Jl.  Am.  Chem.  Soc., 
1911,  p.  92;  Foamier  d'Albe,  Contemporary  Chemistry,  1911,  p.  38;  Lowy, 
Kosmos,  1911,  p.  331;  Le  Dantec,  La  Stability  de  la  Vie,  1910,  p.  25;  L. 
Fradericq,  Arch,  de  Zool.  Exp.  et  G6n.,  ser.  2,  vol.  3, 1885,  p.  XXV;  Spencer, 
First  Principles,  chapter  22^  section  173,  Burt's  Edition,  p.  433.  For  further 
hiBtorical  and  bibliographic  notes  see  Duhem,  Traits  d'£nerg^tique,  1911, 
vol.  1,  pp.  523,  524. 


22 


LOTKA. 


changes  in  x  and  in  one  parameter  &  at  a  time  will  be  considered,  the 
other  paramenters  being  constant. 

According  to  (1)  a  stationary  state  (which  need  not  be  a  true 
equilibrium  in  the  thermodynamic  sense)  is  defined  by 


0=f  =/(x.GO 


(2) 


where  x\  denotes  the  equilibrium  value  of  ar. 
If  the  parameter  G  is  altered  by  a  small  increment  5G,  the  corre- 
onding  increment  hx\  in  the  equilibrium  value  X\  of  x  is,  in  view  of 


sponding 
(2),  given  by 


hG  60/  dx 


(3) 


(4) 


1.  Stable  State. 

If  the  stationary  state  defined  by  (2)  is  stable,  we  must  have  in  the 
neighborhood  of  that  state  ' 


We  can  then  distinguish  two  cases: 


(5) 


a.) 


dG 


>  0.     This  means  that  the  parameter  G  is  one  whose  in- 


crease accelerates  the  transformation  the  progress  of  which  is  mea.*^- 

ured  by  x.    In  this  case  it  follows  immediately  from  (4)  that  .-;  >  0. 

oG 

In  other  words,  if  the  system  is  stable  in  the  stationary  state  defined 
by  (2),  then  increasing  a  parameter  which  accelerates  the  transforma- 
tion will  shift  the  position  of  the  stationary  state  in  the  direciion  of 
increased  transformation.  From  this  alone,  however,  it  does  not 
necessarily  follow  that  the  new  stationary  state  will  actually  become 

3  Condition   (5)  states    that   the  velocity  /  =  -^  5jr  is  alwavs  oppo.siie  in 

uX 

sign  to  the  (small)  displacement  8x  from  equilibrium.  This  is  evidently 
necessar>'  for  stabihty  of  equilibrium. 
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established.    But,   starting   from    the   stationary   state,   at   which 
^  =  /  =  0,  increase  in  G  leads  to  a  positive  value  of  /.    That  is  to 

say,  a  change  actually  takes  place  with  a  velocity  directed  towards  the 
new  stationary'  state,  i.e.  increased  oc. 

b.)  Tp;  <  0;  i.e.  increase  in  the  paramenter  G  retards  the  trans- 
formation. Here  it  follows  by  similar  reasoning  that  increase  in  G 
shifts  the  position  of  the  stationary  state  towards  diminished  trans- 
formation. Furthermore,  in  this  case  the  increment  56'  initiates  a 
retrograde  change,  i.e.  a  change  toward  the  new  stationary  state. 

In  both  cases,  (l.a)  and  (l.b),  therefore,  a  change  bG  in  the  para- 
meter G  is  followed  by  a  transformation  bx\  towards  the  new  sta- 
tionary state,  in  the  direction  of  the  influence  of  the  parameter  G 
upon  the  velocity  of  transformation. 


2.    Unstable  State. 

dj 

Consider  now  the  case  in  which  -7-  >  0.     The  stationary  state  de- 

ox 

fined  by  (2)  is  then  unstable.     A  train  of  reasoning  precisely  analogous 

to  that  set  forth  above  leads,  in  this  case,  to  the  conclusions: 

(1)  A  change  hG  in  the  parameter  G  determines  a  shift  of  the 
stationary  state  in  the  direction  oppose<l  to  the  influence  of  the  para- 
meter G  upon  the  transformation. 

(2)  The  system,  disturbed  from  existing  stationary  state  by  a 
change  5G,  moves,  not  towards,  but  away  from  the  new  stationary 
position. 

Application  to  Influence  of  Initial  Masses.  ( 'onsider  a  transforma- 
tion 

.Si+  .S2+  ...+  Sr^  S',+  S',+ . . .  +  .S".  (6) 

Let  {i,  {2,.  fr  be  the  masses  (expressed  in  niols)  at  time  t  of  the 
components  Si,  S^. .  .Sri   similarly  let  {'1,  {'2      {'«  be  the  masses  of 

S  If  S  2- '  S  9 

Let  X  measure  the  progress  of  the  transformation  from  left  to  right, 
and  let  p<  x  be  the  amount  (in  mols)  of  iS,  transformed  from  time 
<  =  0  to  time  t  =  t. 

Let  Ai  be  the  initial  value  of  the  mass  (in  mols)  of  some  component 
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Si  which  disappears  in  the  transformation  when  x  increases,  and  let 
A'i  be  the  initial  value  of  some  component  S'^  which  appears  in  the 
same  transformation. 
We  have,  according  to  (4), 


6x 
dA 


^=--^/^  (7) 

ii  dAil  dz  ^^ 


If  we  are  dealing  with  a  system  of  constant  mass,  we  have  an  equa- 
tion of  constraint 

mi{i+  m^2+ . . .  =  miAx+  miAt+ ...  (8) 

where  mi,  rrit, . . . are  the  molecular  weights  of  the  substances  Si,  S^^.  . . 
From  (8)  we  find  by  diflFerentiation 


df 


r  =  1  W 


dAi 
so  that  we  may  write,  instead  of  (7), 

^  =  -  ^A  (10) 

hAi  did  dx  ^    ' 

From  (10)  it  is  seen  that  r-p  and  —  are  always  of  the  same  sign 

oAi        oU 

df.  .      .  . 

provided  7~  is  negative,  i.e.,  provided  that  the  system  is  stable  in  the 

equilibrium  defined  by  /  =  0.  That  is  to  say,  if  the  system  is  stable, 
and  if  adding  a  quantity  of  a  component  disappearing  in  the  trans- 
formation increases  the  velocity  of  the  transformation  (at  the  previous 
equilibrium),  then  such  addition  will  shift  the  equilibrium  in  the 
direction  of  increased  transformation.  In  this  case,  then,  the  principle 
of  Le  Chatelier  holds  good. 

On  the  contrary,  by  similar  reasoning,  it  is  found  that  if  the  addition 
of  a  quantity  of  a  particular  substance  disappearing  in  the  transforma- 
tion retards  the  transformation,  the  principle  does  not  hold  as  regards 
that  substance. 

Again,  by  similar  reasoning,  it  is  found  that  the  principle  holds  or 
does  not  hold,  according  as  the  addition  of  a  substance  S'j  apj)earing 
in  the  transformation  retards  or  hastens  the  transformation.  We 
may  therefore  summarize  the  facts  as  follows : 
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1.  Given  that  the  system,  at  equilibrium,  is  stable  with  regard  to 
changes  in  x,  and  that  there  is  a  relation  of  the  type  (8),  an  "  equation 
of  constraint"  connecting  the  masses  (  and  their  initial  values  A, 
then  the  condition  which  must  be  satisfied  in  order  that  the  Le  Chate- 
lier  Principle  may  hold  with  regard  to  the  effect  of  a  change  in  the 
initial  mass  of  some  one  component,  is  that  the  addition  of  such  com- 
ponent shall  aocelerate  or  retard  the  transformation  (at  equilibrium), 
according  as  such  component  disappears  or  appears  in  such  trans- 
formation. 

2.  Given  that  the  conditions  for  the  validity  of  the  Le  Chatelier 
Principle  stated  under  (1)  are  satisfied  for  each  and  every  component, 
then  it  is  easily  shown  that  the  system  is  necessarily  stable  with 
regard  to  changes  in  x,  so  that  the  condition  of  such  stability  with 
regard  to  changes  in  x  is  automatically  satisfied  and  does  not  need  to 

.6/ 
be  expressly  stated.    For,  if  r-j-  >  0  for  every  component  which  dis- 

df 
appears  in  the  transformation,  and  if  rrr  <  0  for  every  component 

a  A  j 

df  df 

which  appears,  then,  in  view  of  (9),  the  same  is  true  of  -rr  and  tit  • 

But 

dii  =  -pidx  (11) 

d^'i  =  +  p'idx  (12) 

where  pi,  p'j  are  positive  numbers,  and 

dx         ^  d^i  dx^   ^  d^'i  dx  ^     ' 

=  -z|^P.+  E  J^P',-  (14) 

which  is  necessarily  a  negative  quantity  if 

^  >0,     J^  <0  (15) 

3.  It  should  be  noted  that  the  argument  by  which  our  conclusions 
have  been  drawn  depends  on  the  existence  of  equations  of  constraint, 
relations  such  as  (8),  connecting  the  ('s  and  the  ^'s.    In  the  absence 
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of  such  constraints  we  are  in  no  wise  assured  that  the  principle  holds.^ 
This  must  be  clearly  borne  in  mind  in  seeking  to  apply  the  Le  Chate- 
Her  principle,  for  example,  to  biological  systems.  Thus,  for  instance, 
the  malaria  equilibrium  under  the  conditions  contemplated  by  Sir 
Ronald  Ross,^  is  independent  of  the  initial  amount  of  malaria  in  the 
system  (proWded  only  this  is  not  zero).  This  state  of  affairs  arises 
out  of  the  fact  that  there  is  no  equation  of  constraint  of  type  (8),  in 
this  case,  connecting  the  initial  amount  of  malaria  with  its  status  at 
any  subsequent  epoch. 

Case  of  more  than  one  variable,  A  somewhat  more  complicated  case 
arises  if  the  system  under  consideration  is  susceptible  of  several  con- 
current transformations,  so  that  its  state  at  any  instant  requires  for 
its  definition  not  one  variable  x,  but  a  number  of  such  variables. 

It  will  suffice  if  we  consider  here  the  case  for  two  variables  ar,  y,  as, 
for  example,  the  case  of  a  pair  of  consecutive  reversible  reactions 


AZbZC  (16) 


In  this  case  we  have 


f  =  /i  {x.  y,  G)  (18) 

f  =  /.  (x,  y.  G)  (19) 

and  equilibrium  is  defined  by 

/i=/2=0  1.20' 

Differentiating,  in  a  manner  analogous  to  that  followed  in  the  case  of 
a  single  variable  a-,  we  have 

^/i  ^/i  5/i     ^ 

*  For  there  is  then  no  necessarv^  relation  between  i  and  A,  so  that  the 

derivative  — r-  is  no  longer  equal  to   ^,  but  is  indeterminate  or  meaningless 

5  "The  Prevention  of  Malaria,"  Second  English  Edition.  John  Murrav. 
London,  1911,  p.  679;  Lotka,  Nature,  Feb.  1912,  p.  497. 
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toi    8yi 
a  system  of  linear  equations,  which  we  solve  for  777 ,  777  and  obtain 


3/1 

Bfi 

dG  . 

dy 

dft 

dU 

Sxi 

dG 

9y 

B0~ 

V. 

a/, 

dx 

dy 

dft' 

dh 

dx 

&y 

(23) 


and  a  similar  expression  for 


dG 


< 


Condition  of  Stability.    A  general  solution  of  (IS),  (19)  can  be 
written  '  in  the  form  of  exponential  series 


ar  =  P«  +  Pie*"'  +  Ptfi^*  +  Pne^^*  +  ... 
y  =  Qo+  Qie^'  +  Qte^'  +  Qiic*^''  +  . . . 


(24) 
(25) 


where  Xi  X2  are  the  roots  of 


4(X) 


\dx         /      dy 


dx 
dx 


=  0 


(26) 


The  condition  for  stability  ^  of  the  equilibrium  is  that  the  real  parts 
of  all  the  roots  X  are  negative.  This  in  turn  demands  that  the  abso- 
lute term  A(0)  be  positive.     But  this  absolute  term  is,  evidently, 


A(0)  = 


5/. 

ax 

a/. 
9y 

dji 
dx 

dfi 

dy 

.      (27) 


6  A.  J.  Lotka,  Proc.  Am.  Ac,  1920,  p.  139. 

7  Idem,  loc.  cit.,  p.  144;  Hurwitz,  Math.  Ann.,  1875,  vol.  46,  p.  521 ;  Blondel, 
Jl.  de  Physique,  1919,  pp.  117,  153. 
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SO  that  we  must  have,  for  stability, 


9Sx 
dx 

dfi 

dy 

9f* 
dx 

>0 


(28) 


dzi 


In  consequence,  given  stability  of  equilibrium,  the  sign  of  tt, 

will  be  the  same  as  that  of  the  numerator  in  (23),  i.e.,  that  of  the 
expression 


dG  dy        dG  dy 


(29) 


Example,  Consecutive  Reactions.  By  the  way  of  example  we  may 
apply  these  results  to  the  case  of  a  pair  of  consecutive  reversible 
reactions. 

Si+  S,+ . . .  +  SC  S\+S\+ . . .  +  S'C  S"i+  S'\+ . . .  +  S'\  (30) 

Let  X  denote  the  progress  of  the  first  reaction  from  left  to  right  (so 
that,  for  example,  a  quantity,  pa  of  the  substance  Si  has  been  trans- 
formed at  time  t);  and  let  y  similarly  denote  the  progress  of  the 
second  reaction,  from  left  to  right. 

Let  us  consider  the  effect  upon  xi,  the  equilibrium  value  of  x,  of  an 
increment  BA"k  in  the  initial  amount  of  substance  S"k  appearing  as 
product  of  the  second  reaction. 

We  have,  according  to  (23) 


a/. 

a/i 

dA'\ 

dy 

dfi 

df. 

«a-, 

dA", 

dy 

SA", 

dfi 

d/: 

dx 

dy 

dft 
dx 

dh 

dy 

(31) 


We  shall  assume  stability,  so  that  the  denominator  is  positive. 
In  the  numerator,  evidently  ' 


8  If  we  exclude  any  possible  catal)^c  influence. 
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^^'     =0  (32) 


dA"u 
so  that  this  numerator  reduces  to 


d/«  d/i 


dA"u  dy 

Stability  demands 


(33) 


On  the  other  hand  the  principle  of  Le  Chatelier  would  make 

This,  by  (31),  in  view  of  (32),  (33),  (34),  will  be  true  or  not  according  as 

Hence  the  principle  of  Le  Chatelier  holds  good  or  not,  as  applied  to 
the  effect  of  A''k  upon  xi,  according  as 

From  this  point  on  the  discussion  would  follow  essentially  similar 
lines  as  in  the  case  of  a  single  dependent  variable;  it  is  therefore  un- 
necessary to  carry  this  out  in  further  detail. 

Influence  of  External  Factors.  We  have  hitherto  tacitly  assumed 
that  (1),  or  (18),  (19)  are  the  only  conditions  for  equilibrium,  or,  that, 
if  there  are  any  other  conditions  to  be  satisfied,  these  are  in  some  way 
automatically  taken  care  of. 

In  point  of  fact,  in  general,  in  addition  to  a  condition  of  the  form 

f  =  fix,  G)  (1) 

there  will  be  further  conditions  of  the  form 

H^H.  (38) 

where  ZT  is  a  parameter  entering  into  the  function  /,  while  H^  is  sl 
parameter  defining  certain  "external  conditions."  For  example,  H 
may  be  the  pressure  exerted  by  a  gaseous  mixture  against  an  enclosure, 
and  H^  may  be  the  external  pressure  applied  to  a  movable  piston 


:   "i 
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fonning  part  of  that  enclosure.  Here  it  is  not  enough,  for  complete 
equilibrium,  that  (1)  be  satisfied,  but  (38)  also  must  hold. 

Furthermore,  the  conditions  (1)  and  (38)  define  equilibrium,  but 
are  insufiicient  to  determine  its  stability,  since  they  give  us  no  in- 
formation regarding  the  behavior  of  the  system  when  H  +  ff  „  i.e. 
when  not  in  equilibrium  with  the  external  parameter  He- 

In  order  to  settle  this  point  we  must  have  some  further  data.  We 
are  here  interested  in  systems  in  which  such  additional  data  are 
furnished  in  the  following  manner: 

In  the  case  of  these  systems  it  is  found  that,  in  relation  to  the 
parameter  G  a  certain  parameter  H  having  certain  peculiar  properties, 
can  be  defined  by  a  relation. 


or  its  equivalent 


if  (fi,  {2, G,H)  —  constant 


^  (x,  Au  A2,. .  GfH)  —  constant 


(39) 


(40) 


The  peculiar  property  of  G  referred  to  above  is  as  follows 

dG>_  > 

—  —   0  according  as  ^  —  J?.  =  0 
di  <  ^  < 


(41.) 


It  will  perhaps  be  well,  before  proceeding  any  farther,  to  illustrate 
this  by  a  concrete  example.     Consider  the  system 


2/^20  7*2  ff,+  Oi 


(42) 


If  f  1  is  the  mass  of  ^20  expressed  in  mols,  {'1  the  mass  of  H^  and  {'j 
the  mass  of  O2  similarly  expressed;  if  V  is  the  volume  (parameter  (P 
and  if  P  is  the  pressure  (parameter  //)  exerted  upon  the  enclosure, 
then  the  equation  (39)  here  takes  the  form 


PV  =  ({1+  f'i+  {'2)  Re 


(43) 


where  6  is  the  absohite  temperature  and  R  the  general  gas  constant. 
Or,  if  Aiy  yl'i,  A'o  are  the  initial  masses  of  //oO,  II 2  and  O2  respectively, 
(expressed  in  niols),  and  x  measures  the  progress  of  the  reaction,  as, 
for  example,  by  the  number  of  O2  mols  formed,  then  evidently 


fi  =  A,  -  2x 
i\=  A\+2x 
{'2=  A\+  X 


(44) 
(45) 
(46) 
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SO  that  (40)  takes  the  form 

PV  =  {{Ai-  2x)  +  (/!',+  2x)  +  iA't+  x)   RO 
=  \ix  +  A,+  A\+A'i)Re 


(47) 


In  this  case  it  is  quite  evident  that  the  parameters  P,  V  (correspond- 
ing to  //,  G  of  the  general  case)  have  the  property  defined  by  (41), 
which  here  appears  as  the  characteristic  property  of  the  intensity 
factor  and  the  capacity  factor  of  an  energy. 

But  for  our  present  purposes  we  are  not  concerned  with  the  question 
whether  or  not  the  parameters  G,  //  defined  for  a  given  system  are  or 
are  not  factors  of  an  energy.  We  must  be  prepared  to  deal  with  cases 
where  this  is  either  uncertain  or  actually  known  not  to  be  true.  All 
we  need  to  know,  for  our  purpose,  is  that  the  parameters  G,  H  have 
the  property  defined  by  (41).  An  example  may  serve  to  illustrate  the 
fact  that  this  property  may  be  shared  by  physical  quantities  not 
obviously  related  to  energy. 

Among  the  parameters  on  which  the  rate  of  increase  of  a  human 
population  depends  is  the  area  a  occupied  by  them,  since  this  deter- 
mines the  population  density,  which  in  turn  influences  the  death  rate 
in  well-known  manner,'  and,  presumably,  in  some  degree  the  birth 
rate  also. 

Now  there  is  an  obvious  relation  between  population  density  and 
ground  rent.  Regulation  is  eflPected  about  as  follows:  There  is  a 
certain  demand  for  space,  a  desire  for  expansion,  which  may  be 
measured  by  the  rent  H  per  unit  area  that  the  individual  is  willing  to 
pay.  On  the  other  hand  there  is  a  certain  market  price  He  which 
must  be  paid  to  obtain  accommodation.  Now  if  //  >  //«,  i.e.  if,  on 
an  average,  an  indi\'idual  is  willing  to  pay  more  than  the  market  price, 
the  population  will  spread  over  a  greater  area  by  renting  more  ground. 
If,  on  the  other  hand  //  <  lie  the  individual  is  not  willing  to  pay  the 
market  price,  he  will  retrench,  he  will  move  from  a  six  room  apart- 
ment to  a  five  room  apartment  say,  and  the  area  occupied  by  the 
population  will  contract.  The  parameter  //«  functions,  in  fact,  much 
like  a  "surface  pressure,"  tending  to  compress  the  population  into  a 
smaller  area.  The  most  striking  exhibition  of  this  "  surface-pressure  " 
is  seen  in  a  great  metropolis  such  as  New  York,  where  the  population,  a 
naturally  two-dimensional  structure  spread  like  a  film  over  the  earth's 
surface,  has  been  thrown  into  great  creases  towering  700  feet  and  more, 
50  layers  deep,  above  the  street  level. 

•  See,  for  example,  Newsholme,  Vital  Statistics,  1899,  p.  154. 
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It  will  be  seen  that  in  this  case  the  internal  parameter  H  and  the 
corresponding  external  parameter  J7«  so  determine  changes  in  the 
area  a  that 

dqL> 


-^  =  0  according  as  ff  —  -ff,  =  0 


(48) 


that  is  to  say,  the  parameters  H^  a  and  H^  are  related  to  each  other 
and  determine  the  course  of  events  in  a  manner  analogous  to  the 
intensity  factor,  the  capacity  factor  of  an  energy,  and  the  ''applied 
force."  But  it  is  quite  unnecessary  to  suppose  that  H  and  a  actually 
are  such  factors  of  an  energy  in  the  example  cited  (population-spread) ; 
on  the  contrary,  the  writer  is  opposed  to  this  view,  which  he  has  taken 
occasion  elsewhere  to  discuss.^  For  our  purposes  it  is  quite  immaterial 
whether  P  and  a  are  factors  of  an  energy.  All  we  neisd  know  is  that 
they  enter  into  the  condition  (41)  as  there  set  forth. 

Condition  for  Stability  toward  External  Factor.  Consider  a  system 
for  which  the  condition  for  equitibriim:i  with  the  environment  is 
given  by 

tp  (G,  H)  =  constant 

dG>  ,  > 

■37  =  0  according  as  H  --  Ht=      0 
<u  ^  ^ 


Let 


(49) 


<p{G,  H)  —  const.,  i.e.    H  ^  x{G) 


(50) 


be  plotted  as  ordinates  in  a  rectangular  system  in  which  G  is  plotted 
as  abscissae.  Then  it  is  easily  shown  that  the  condition  for  stability 
of  equilibrium  is  that  the  curve  H  =  x  (G)  must  slope  downwards 
from  left  to  right. 

For,  suppose  it  sloped  upwards.    Let  the  system  be  in  equilibrium 
at  a  point  Ai  (Fig.  1),  where 


G=Gi 


} 


(51) 


Suppose  the  system  is  in  any  way  displaced  to  the  point  At  where 

Hi  >Hi  (52) 

>  H,  (53) 


10  **  Economic  Conversion  Factors  of  Energy,"  to  appear  in  a  forthcoming 
issue  of  Proc.  Nat.  Ac. 
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Then 


dG      ^ 


(54) 


Hence  the  point  moves  along  the  curve  in  the  direction  A\  At,  i.e.  still 
farther  away  from  equilibrium. 

On  the  other  hand,  the  same  reasoning  applied  to  a  curve  sloping 
downward  from  left  to  right  shows  that  the  system  after  displacement 
returns  to  its  equilibrium  position. 

So,  for  example,  the  curves  representing  the  relation  between  pres- 


FlGURK    1. 

sure  and  volume  of  a  gas  necessarily  slope  downward  from  left  to 
right;  the  same  is  true  of  the  demand  and  supply  curves  of  economics. 
If  it  were  true,  as  sometimes  stated,  that  the  more  a  man  has,  the  more 
he  wants,  economic  equilibrium  would  be  an  unstable  condition. 

External  Stability  and  the  Principk  of  Le  Chatelier.    Consider  now 
a  system  which  obeys  the  condition 


ip  (x,  G,  ff )  =  0 

-TT  ^  0  according  as  H  —  H^  —  O 
at  <  ^ 


(55) 
(56) 


^{x,G,H)    =0  \  (58) 

X  =  constant 
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Let  the  system  be  stable  towards  He  both  when  x  is  held  constant 
and  also  when  a;  is  at  the  equilibrium  value  xi  defined  by 

I  =  /  (x,.  G)  =  0  (57) 

This  means  that  all  the  curves  "  of  constant  composition  '' 

) 

and  also  the  curve  "  of  equilibrium  composition  " 

^  {xu  G,  ^)  =  0  (59) 

slope  from  left  to  right  downwards. 

Now  consider  two  neighboring  curves  of  t>T)e  (58)  (curves  of  con- 
stant composition),  which  we  will  suppose  solved  for  H  and  TOte 

//a=  ^«(G,  Xa)  (60) 

//6=^6(G,a:6)  (61) 

Suppose  we  start  with  the  system  in  the  state  represented  by  the 
point  Q,  in  internal  equilibrium  and  also  in  equilibrium  with  an  ex- 
ternal parameter  //«  (see  Fig.  2). 

Let  X  be  changed  at  constant  G,  so  as  to  increase  H  according  lo 
(55)  until  0*  =  ar 6,  so  that  the  representative  point  strikes  the  second 
curve  of  constant  composition  at  R. 

Since  at  the  start  of  this  operation 

//  =  Ha=  //<  (62) 

and  at  the  end 

therefore  the  system  is  not  in  equilibrium  with  the  external  pressuru 
He  in  the  state  represented  by  the  point  R,  but  equilibrium  (for 
X  =  Xb)  occurs  at  some  other  point  T  which  must  lie  to  the  right  of  H 
along  the  curve  of  constant  composition  RTy  since,  whenever 

G  increases,  in  accordance  with  (5C). 

Furthermore,  drawing  a  horizontal  QS,  T  must  lie  below  6'.  since  the 
line  of  equilibrium  composition  QT  must  slope  from  right  to  left 
downwards. 
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It  is  clear  therefore  that  lines  of  constant  composition  are  steeper 
than  lines  of  equilibrium  composition. 

It  follows  at  once  that  if  G  be  increased  while  the  system  is  kept  in 
equilibrium,  so  that  the  representative  point  travels  along  QT,  then 
the  change  in  x  from  Xatoxb  is  that  which  at  constant  G  increases  H, 
or  at  constant  //  increases  G. 

But  this  is  the  principle  of  I>e  Chatelier.  This  principle  therefore 
holds  whenever  the  conditions  (55)  (5(5)  are  satisfied,  and  the  system 


Q 
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is  stable  towards  //,  both  when  x  =  constant  and  wlien  j  =  an  (i.e. 
when  X  has  its  ec^uilibrium  value). 

Similarly,  it  can  be  shown  that  if  the  conditions  (55),  (56)  are  re- 
placed by 


<p(x,G,H)  =  0 

dG  <  ,  >_ 

— -  =  0  according  as  H  —  Ht-~  0 
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while  at  the  same  time  the  system  is  stable  towards  H  both  wfaeD 
X  =  constant  and  also  when  x  =  xi,  then  the  Le  Chatelier  principle 
holds.    In  this  case  the  curves  tp  {x,  G,  H)  ^^  0  (pc  constant) 

and  ^  (xi,  0,  ff)  =  0 

both  slope  from  left  to  right  upwards,  and  the  curves  of  constant 
composition  are  again  steeper  than  the  equilibrium  curves.  An 
example  of  this  type  is  that  in  which  H  is  temperature  and  G  is  heat 
absorbed  by  the  system  (when  H  <  Hg,  G  increases). 

Finally,  be  it  remarked  that  the  results  here  deduced  depend  solely 
on  kinetic  stability,  i.e.  on  the  fact  that  the  s^'stem  when  displaced 
from  equilibrium  has  a  velocity  (rate  of  change  of  displacement) 
towards  that  equilibrium.  The  conclusions  reached  are  therefore 
wholly  independent  of  energetic  (thermodynamic)  consideration,  since 
no  reference  whatever  has  been  made  to  forces  or  energies  or  in  any 
way  whatsoever  to  the  physical  dimensions  of  the  parameters  involved. 

This  completes  the  present  enquiry  into  the  conditions  of  validity 
of  the  principle  of  Le  Chatelier.  It  remains  now  only  to  point  out  the 
place  which  this  communication  occupies  in  the  general  plan  of  the 
series  of  investigations  of  which  it  forms  part.  This  series  of  investi- 
gations has  for  its  object  the  study  of  material  systems  evolving  in 
accordance  with  a  system  of  differential  equations 

^  =  FiiXi,  Z„. .  .Xn;  A;  P;  Q)  (65) 

in  which  the  symbols  X  denote  the  masses  of  certain  components  S 
of  the  system,  the  symbol  A  has  been  written  to  denote  collectively 
the  initial  values  of  the  masses  of  certain  components,  the  P's  are 
parameters  defining  the  state  of  the  system  (extension-in-space, 
topography,  climatic  conditions,  etc.);  and  the  Q's  are  parameters 
defining  the  character  of  the  components  S, 

In  a  previous  communication  the  kinetics  of  such  a  system  were 
studied  for  the  case  in  which  the  /I's,  P*s  and  Q's  are  constant.  This 
left  open  for  discussion  the  effect  of  changes  in  these  parameters. 
One  phase  of  this  subject  has  been  dealt  with  by  the  writer  elsewhere,  ^^ 
namely  the  effect  of  slow  changes  in  these  parameters.  The  present 
communication  now  extends  the  field  of  enquiry  to  the  effect  of 

11  "Note  on  Moving  Equilibria";  to  appear  in  a  forthcoming  issue  of  the 
Proc.  Nat.  Ac. 
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changes  of  any  kind  in  the  parameters  A  or  P,  with  this  restriction, 
it  is  true,  that  we  have,  following  Le  Chatelier,  interested  ourselves 
solely  in  the  ultimate  effect  upon  equilibrium,  leaving  entirely  out  of 
consideration  the  path  by  which  such  equilibrium  is  reached.  In 
many  cases  such  partial  information  is  of  value,  the  equilibrium  being 
the  matter  of  chief  interest,  the  path  of  the  change  of  lesser  practical 
importance.  Herein  lies  the  utility  of  such  general  principles  as  that 
of  Le  Chatelier,  of  Maupertuis,  Lenz  and  others  whose  names  have 
become  linked  with  one  or  other  form  of  reciprocal  relations  between 
the  parameters  defining  a  state  of  equilibrium.  Since  the  application 
of  such  principles  to  biological  systems  has  been  essayed  by  various 
authors,  without,  however,  any  rigorous  foundation  upon  which  to 
build,  it  has  appeared  to  the  writer  essential,  for  further  progress  in 
this  field,  to  make  a  critical  examination  of  the  basis  underlying  these 
principles. 


eprinted  from  the  Proceedings  of  the  National  Acadbmy  of  SaSMCBS, 

Vol.  7,  No.  6,  pp.  134-138,  May.  1921. 


THE  INFLUENCE  OF  AGE  ON  FERTIUTY  IN  SWINE  ^ 

By  Tags  Ellingbr 

COPSNHAGSN,  DSNMARK 

Communicated  by  R.  Pearl,  March  10,  1921 

the  breeding  of  domestic  animals  the  problem  of  fertility  is  of  prime 
t>ortance.  The  neglect  of  this  essential  factor  has  again  and  again 
^sed  breeders  disappointments  and  often  heavy  economic  losses.  Thus 
■'^  desirable  to  study  this  chapter  of  the  physiology  of  reproduction 
^^oughly  and  to  examine  the  factors,  internal  and  external,  that  affect 
^   ability  to  produce  offspring. 

H>iiring  an  investigation  on  these  subjects,  in  this  laboratory  the   re- 
'-^ts  of  which  are  soon  to  be  pubUshed,  the  writer  has  been  confronted 
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with  the  question  of  the  influence  of  age  of  the  sow  on  the  size  of  her  litters. 
Although  a  number  of  records  on  this  and  similar  subjects  have  been  pub- 
lished from  time  to  time,  the  writer  is  of  the  opinion  that  the  special  qual- 
ities of  his  material,  and  the  mathematical  treatment  of  it  that  it  is  pos- 
sible to  employ,  justify  this  further  publication. 

In  going  over  the  literature  on  the  influence  of  age  an  fertility  in  mam- 
mals, a  number  of  records  bearing  on  the  question  can  be  collected.  Sarali 
V.  Jones  and  James  E.  Rouse*®  have  in  a  recent  paper  give  an  extensive 
summary  of  the  literatiu-e,  to  which  paper  I  only  need  to  refer  for  further 
information. 

The  records  published  are  of  two  different  kinds.  First:  results  of  ex- 
periments chiefly  with  rats  (King"),  rabbits  (Hammond'),  and  guinea- 
pigs  (Minot'*).  The  experiments  on  swine  by  Mumford**  (1917)  are  of 
further  interest  in  this  connection. 

The  second  group  consists  of  statistical  investigations  generally  using 
as  material  the  numerous  records  given  in  the  herd  books  of  thediffefcot 
breeds  of  domestic  animals. 

Carlyle  and  McConnell,*  Pearl,"  Bell,***  Humphrey  and  Kleinheini,* 
Jones  and  Rouse^  give  records  showing  that  the  percentage  of  multiple 
births  in  sheep  increases  with  age  up  to  five  years  and  then  again  dedines. 
Pearl"  and  Jones  and  Rouse^®  give  similar  data  for  cattle  showing  a  steady 
increase  in  the  percentage  of  twin  births  with  age. 

Swine  have  often  been  subject  to  investigations  of  this  kind.  Oncrf 
two  sources  of  error  have  always  been  present  in  these.  1.  Thenumberof 
individuals  involved  have  been  so  limited  as  to  make  dependable  it- 
sults  unobtainable,  or  2.  The  method  of  computing  has  been  so  rough  as  to 
give  room  for  the  effect  of  selection.  The  usual  way  of  approaching  the 
problem  has  been  to  take  from  herd  book  records  of  all  available  litters 
and  to  refer  them  to  the  age  of  their  mothers  at  their  birth.  In  this  way 
it  is  possible  to  get  a  great  number  of  litters  from  young  sows  but  rather 
few  from  older  ones  as  the  less  desirable  animals  are  disposed  of  early. 
The  older  sows  represent  only  a  selected  group  of  the  best  of  those  recorded 
at  an  early  age,  and  the  average  size  of  litters  at  different  ages  of  the  so^ 
are  for  that  reason  not  directly  comparable.  Owing  to  these  difficulties 
the  results  are  very  contradictory  and  uncertain.  Rommel*'  found  a 
steady  increase  in  size  of  litter  from  one  to  five  years.  Frolich  and  Georgs 
report  a  maximum  in  the  second  litter  and  then  a  decrease  in  size  of  the 
the  litters.  Machens*^  claims  a  maximum  at  the  fourth  litter.  Car- 
michael  and  Rice*  give  a  table  showing  an  increase  in  fertility  to  the  third 
year  followed  by  a  decrease. 

2.  The  material  used  in  this  investigation  consists  of  134  sows  of  nati^t 
Danish  breed*  which  all  have  records  from  all  of  their  first  ten  litters.    Th^ 


136 


GENETICS:  T,  ELUNGER 


Proc.  N.  a.  g^. 


records  are  taken  from  the  Danish  herd  book  Vols.  V  and  VII.  All  these 
sows  have  been  kept  in  state-supervised  breeding  centres  under  uniform 
conditions  and  care.  They  have  all  farrowed  the  first  time  at  about  one 
year  of  age  and  from  then  on  been  bred  regularly  producing  ca.  2V4 
litter  per  year,  practically  without  regard  to  season.  The  successive  litters 
will  for  that  reason  be  highly  correlated  with  age,  but  it  seems  most  con- 
venient to  use  the  litter-number  as  imit.  The  average  of  all  litters,  being 
11.5  pigs,  is  far  above  the  average  shown  by  swine  of  the  American  t)rpe, 
and  although  these  134  sows  undoubtedly  are  selected  group,  the  great 
fertility  is  one  of  the  outstanding  and  valuable  qualities  of  the  breed. 
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The  dots  indicate  the  acttial  found  averages  for  litter-size  in  the  first  ten  litters. 

The  curve  is  fitted  to  these  valves. 

In  the  second  column  of  table  1  the  average  sizes  of  the  successive  ten 
litters  are  given. 

UTTBR  NO. 
1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

Average 

Plotting  the  series  of  average  values  over  a  base  indicating  the  suc- 
cessive generations  (fig.  1)  we  see  that  they  show  an  increase  in  fertility 


TABLE     I 

AVSRAGB  SI2S  OF  UTT8R 

TH8OR8TICAL  SI2S  Ot  UTTBR 

9.45 

9.25 

10.01 

10.42 

11.50 

11.24 

12.01 

11.81 

11.99 

12.19 

12.16 

12.38 

12.13 

12.39 

12.34 

12.24 

11.90 

11.92 

11.66 

11.43 

11.52 

11.63 
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with  age  to  a  certain  point  followed  by  a  decline.  An  empirical  cunne 
following  these  plotted  points  shows  a  type  familiar  to  us  from  other  bi- 
ological problems.  It  is  in  fact  a  logarithmic  curve.  Pearl*^  has  shown 
that  the  changes  in  milk  flow  with  age  in  dairy  cattle  follow  such  a  loga- 
rithmic curve  and  he  has  determined  its  equation. 

The  writer  has  now  proceeded  to  form  the  equation  relating  fertility  to 
to  age  in  the  material  at  hand,  and  has  in  the  calculations  used  the  method 
of  moments  (Miner"). 

The  general  form  of  the  equation  is 

y^a  +  bx-^-cx^-^-dlogx 
where  y  denotes  the  size  of  litter  and  x  the  ordinal  litter  number. 

In  this  special  case  the  equation  has  been  calculated  to  be  the  following 

>^-8.414  +  0.915X  -  0.078^2  +  1.627 log rr:. 

By  solving  the  equation  for  the  values  of  x  ranging  from  1  to  10  the  theo- 
retical average  size  of  the  successive  litters  has  been  determined.  These 
values  are  given  in  the  third  column  of  table  1  and  they  are  used  in  plotting 
the  curve  in  figure  1.    This  curve  shows  a  satisfactory  agreement  with  the 

empirical  figures  plotted  out. 

By  putting  dy/dx  =  0  and  solving  for  x  the  litter  of  maximum 
size  is  found  to  be  6.56th  in  order. 

Summary, — 1.  Records  from  134  sows  of  native  Danish  breed  all  having 
ten  litters  to  their  credit  show  an  increase  in  fertility  up  to  the  6.56  point 
in  litter  order  followed  by  a  decrease. 

2.  The  curve  relating  fertility  to  age  is  logarithmic,  its  equation  is  calcu- 
lated, and  the  curve  fitted. 

I  ^Papers  from  the  Department  of  Biometry  and  Vital  Statistics,  School  of  Hygica 

and   Public  Health,   Johns   Hopkins   University,   No.   35. 

*The  native  Danish  breed  is  a  white,  fertile  and  hardy  hog  of  bacon  type,  producing 
sometimes  crossed  with  Yorkshire  boars — the  great  proportion  of  the  choice  bacon 
i  -  exported  from  Denmark  to  England. 

j  '  »Bell,  A.  G.     1904.     The  multi-nippled  sheep  of  Beinn  Bhreagh.     Scienu,  N.  S..  19- 

♦Bell,  A.  G.     1912.     Sheep  breeding  experiments  on  Beinn  Bhreagh.     Ibid.,  34. 
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NOTE  RELATIVE  A  L*ACTION  PHOTODYNAMIQUE 

DE  l'hAmatoporphyrine  SUR   le  fibrinog£:n£, 

{School  of  Hygiene  and  PuhHf  Health,  Jnhm  Hopkins  Unirersift/.  Hnitimore.  V.  S.  A  > 

W.-II.  Howell 


LES  effets    photodynamiques  de    rheniatoporphyrine  tels  qifils 
furent  decrits  par  Hausmann  (*)  sur  les  infusoires,  Ics  erythro- 
cytes ct  les  souris  ont  ete  confirmes  par  divers  observateiirs,  mais 
jusqu'a  present  une  explication  satisfaisante  de  cette  reaction  nous 
manque.  L'action  de  rheniatoporphyrine  sur  les  souris,  action  sen- 
sibilisante  vis-i-vis  de  la  lumi^re,  est  particulierement  difficile  h  com- 
prendre  dans  Tetat  ou  nous  la  montre  une  synthese  des  principaux 
fails  observes.  Une  dose  d'hematoporphyrine  aussi  faible  que  2  mgr. 
inject^e  sous  la  peau  d'une  souris  blanche,  se  montre  fatale  en  peu 
d'heures  si  Taninial  est  expose  a  une  vive  lumierc,  tandis  que  tres  sou- 
vent  cette  dose  n'est  pas  nuisible  si  la  souris  est  maintenue  dans  Tobs- 
curite.  Bien  plus :  un  animal  traits  par  rheniatoporphyrine,  mais 
conserve  k  Tobscurite,  pent  niontrer  Teffet  photodynamiquc  s'il  est 
expose  k  la  lumiere  h  n'importe  quel  moment  de  la  premiere  quin- 
zaine  ou  plus  longtemps  apres  Tinjection,  bien  que  toutes  les  traces 
d6celables  d'hematoporphyrine  aient  disparu  de  Torganisme. 

Les  symptomes  que  montrent  les  animaux  ont  6te  decrits  en  detail 
par  Hausmann.  Dans  mes  propres  observations,  limitees  a  ce  que 
Hausmann  appelle  les  cas  aigus,  Tanimal  montre  d'abord  une  con- 
gestion des  oreilles  et  des  pattes  ;  cette  congestion  disparait  dans  la 
suite.  Puis  surviennent  un  oedeme  tres  marque  autour  du  nez  et  de 
la  bouche  et  une  irritation  cutanee  de  la  region  cephalique,  demon- 
tree  par  les  mouvements  de  grattement  de  ranimal.  Ces  symptomes 
disparaissent  plus  tard  en  tout  ou  en  partie,  mais  on  voit  persister 
la  photophobie  qui  se  manifeste  par  Tocclusion  des  yeux  et  par  une 
prifirence  pour  les  zones  ombragees  de  la  cage  occupee  par  les  ani- 
maux. Parfois  Tanimal  tomba  dans  un  6tat  lethargique,  interrompu 
de  temps  k  autre  par  des  mouvements  spasmodiques,  et  la  nspira- 
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tion  se  ralentit  jusqu'^  ce  que  la  mort  siirvienne.  Pendant  cette  ultime 
p^riode,  il  doit  exister  iin  degre  marqu6  d'insensibilit6,  car  on  observa 
que,  dans  cet  etat,  les  souris  ne  reagircnt  par  aucun  trouble  sensoriel 
Evident  lorsque  des  animaux  de  controle  places  dans  la  meme  cage 
leur  endoniniageaient  les  oreilles. 

Dans  mes  experiences,  chez  quelques  animaux  injectes  au  moyen 
d'une  preparation  impure  non  cristallisec  d'hematoporphyrine,  j'ai 
observe  au  niveau  des  yeux  Tapparition  d'une  cataracte.  L'examen 
post  mortem  montra  une  opacite  limitee  h  la  couche  toute  supcrficielle 
du  cristallin,  dans  la  region  equatoriale  qui  est  en  contact  avcc  les 
proces  ciliaires.  Si  nous  songeons  que  dans  ces  experiences  la  liimiere 
ne  pent  penetrer  d'une  faijon  appreciable  au  dela  du  plexus  sous-cu- 
tane  des  vaisseaux  sanguins,  nous  devons  admettre,  pour  expliqucr 
les  effets  mortels,  que  des  substances  toxiques  se  torment  probable- 
ment  dans  la  peau  elle-meme  (ainsi  que  Jesionek  (2)  le  pense),  sous 
rinfluence  combinee  de  riiematoporphyrine  et  de  la  lumiere,  et  que 
ces  substances  exercent  ensuite  leur  effet  sur  le  systeme  ncrveux 
central,  soit  par  la  voie  sanguine,  soit  encore  par  un  ph^noniene  re- 
flexe. 

Vu  que  les  faits  que  nous  connaissons  jusqu'a  present  sont  insuf- 
fisants  pour  nous  permcttre  une  explication  de  cette  curieuse  reaction, 
il  est  utile  d'etendre  les  experiences  et  de  collectionner  toutcs  les 
influences  susccptibles  d'agir  sur  le  plienoniene. 

Le  but  principal  tie  la  presente  note  est  d'attirer  rattentiun  sur 
(|uelques  observations  nouvelles  relatives  a  Taction  photodyjiMnique 
de  riiematoporphyrine  sur  le  fihrinogcne  du  sang.  Le  chlorlun'ratc 
d'hcmatoporphyrine   cristallisc  empl(>y6  dans   mes  experiences  fut 
prepare  snivant  la  technique  generale  indiquee  par  Mencki  et  Sa- 
Li£SKi.  Comme  Ks  indications  qui  ont  ete  publiees  sur  cette  metlHH/e 
ne  sont   pas   tres   explicites,  je   rappellerai  brievement   le  pnk'Wt' 
dont  je  me  suis  servi  : 

Oil  prepare  de  rhemine  d'apres  la  methode  de  MoknivK  (3).  Ciiuj  i:ram- 
nies  d'heniine  sont  dissoiis  dans  75  ce.  d'aciile  acetiqiie  i^^laeial  prejl:i!>J^' 
nient  sature  d'acide  bronihydriquv*  l,^•lZLUX  a  H)"C.  La  sulution  est  in^i'H' 
teniie  au  repos  pendant  3  ou  4  jours  a  la  t.-mperature  ordinaire  et  est  cii- 
siiite  versee  dans  600  cc.  d'eau.  Ajires  repos  de  plusieurs  heures,  ce  niclan^ 
est  filtre  et,  au  filtrat.on  ajoute  de  I'hydroxyde  de  sodium  a  10*'^.  jusqn*' 
formation  d'un  precipite  abondant  et  decoloration  presque  complete  i'^ 
la  solution.  On  filtre  et  on  lave  le  j)recipite  a  Teau  jusqu'a  ce  que  iVau 
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de  lavage  ne  donnc  plus  do  reaction  avec  le  nitrate  d'argcnt.  Le  prccipite 
encore  iiumide  est  digere  au  bain-marie  avec  dc  Tliydroxydc  de  soude 
dilue  a  2  %,  diluc  avec  un  egal  volume  d'eau  et  filtre.  Le  filtrat  est  prcci- 
pite par  Tacide  acetique  a  33  '^o  qwe  Ton  ajoute  jusqu'a  obtention  d'une 
reaction  acide  nette.  Le  precipite  est  separe  par  centrifugation  et  lave  a 
Teau  par  centrifugation  jusqu*a  ce  que  le  precipite  montre  des  signes  de 
non  sedimentation.  Le  residu  liumide,  obtenu  par  decnntation  du  liquide 
surnageant,  est  traite  sur  le  bain  d'eau  par  Tacide  dilorhydrique  dilue 
k  1  %,  en  evitant  avec  soin  un  exces  d'acide.  La  solution  est  filtree  k  chaud 
pour  la  separer  de  Tabondant  residu  gommeux,  placee  dans  un  cristallisoir, 
dans  le  vide,  sur  Tacide  sulfurique  ct  abandonnee  jusqu'a  evaporation 
&  sec.  Des  cristaux  se  forment.  Le  residu  est  bien  lave  avec  de  Tacide 
chlorhydrique  a  1 0  %,  seche  et  redissous  au  bain-marie  dans  de  Tacide  chlor- 
hydrique  a  10  ^o,  en  evitant  un  exces  d'acide.  Cette  solution  est  filtree 
et  le  filtrat  est  additionne  d*un  dixiemc  de  son  volume  d'acide  chlorhydrique 
concentre.  La  solution  est  placee  dans  le  vide  sur  de  i'acide  sulfurique 
jusqu'a  cristallisation.  Les  cristaux  sont  entraines  par  aspiration,  laves 
avec  de  Tacide  chlorhydrique  h  1  *'o,  prt^cipites  par  addition  d'acide  chlor- 
hydrique concentre  et  la  solution  est  de  nouveau  abandonnee  k  la  cris- 
tallisation dans  le  vide.  Le  second  lot  de  cristaux,  apres  lavage,  est  desse- 
ch6  et  conserve  dans  un  exsiccateur  a  robscurit{'. 

Les  solutions  do  fibrinogone  quo  j'ai  employees  dans  mes  oxpe- 
rionces  furent  preparees  a  partir  du  plasma  oxalate  do  chat,  en  sui- 
vant  une  modification  do  la  methodo  d'HAMMARSTEN,  employee 
pendant  un  certain  temps  dans  co  laboratoiro  ot  dans  laquello  la 
precipitation  so  fait  par  le  sulfate  d'ammonium  ot  non  par  le  chlo- 
rure  do  sodium  (4). 

Le  plasma  est  precipite  par  addition  d'un  volume  d'une  solution 
satureo  do  sulfate  d'amuKmium  a  trois  ou  quatro  volumes  de  plasma. 
Apres  centrifugation  ot  lavage,  lo  precipite  est  dissous  dans  une 
solution  h  1  '\,  do  chloruro  do  sodium,  filtre  ot  roprecipite  par  addition 
ci'un  volume  do  solution  satureo  do  sulfate  d'ammonium  a  quatrc 
volumes  do  la  solution  do  fibrinogcno.  Lo  precipite  est  separe  par  coii- 
trifugation  et  dissous  dans  une  solution  do  1  '\,  do  chloruro  de  so- 
dium, on  utilisant  la  moitie  ou  los  3/4  du  volume  primitif  de  plasma, 

En  dissolvant  le  second  precipite  sans  la  solution  alcaline,  il  pent 
etre  n^cossairo  d'ajouter  quolquos  gouttos  d'une  solution  do  bicar- 
bonate de  soude  a  1  %,  Si  on  omploio  lo  plasma  do  chat,  deux  pre- 
cipitations suffisent  a  donnor  uno  bonno  preparation  do  fibrinogtne; 
avec  le  plasma  de  choval,  trois  ou  quatro  precipitations  sont  indis- 
pensables. 
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Si|  k  une  solution  dc  fibrinogine  pr6par6e  de  cette  fa(on,  on  ajoute 
de  petites  quantitds  d'h^matoporphyrine  et  qu'on  expose  pendant 
une  ou  deux  heures  le  melange  k  la  lumiire  solaire,  ou  pendant  un 
temps  un  pcu  plus  long  k  une  lampc  au  tungstine  {k  courte  distance), 
on  constatera  que  Ic  fibrinogine  a  perdu  complitement  la  propriit£ 
de  coaguler  par  la  thrombine  et  a  ^galcmcnt  perdu  celle  de  donner 
un  pr£cipit£  par  la  chaleur.  Le  modus  operandi  de  ces  experiences 
fut  le  suivant  : 

L'Wmatoporphyrine  fut  pripar6e  en  solution  k  0.2  %,  dont  1  k 
3  gouttes  furent  ajout^es  k  5  cc.  de  la  solution  de  fibrinogen^.  Ce 
melange,  contenu  dans  un  etroit  tube  k  essai,  etait  place  dans  un  go- 
belet  d'eau  froide  et  expose  dans  la  chambre  k  la  lumiire  directe 
du  scrteil.  L'eau  du  gobelet  etait  renouveiee  de  temps  en  temps,  de 
fa(on  k  maintenir  sa  temperature  k  un  niveau  egal  ou  inferieur 
k  20^  C.  Dans  le  m£me  gobelet  etait  plac^e  une  solution  t^moin  de 
fibrinogine  sans  hematoporphyrine.  Une  seconde  solution  te- 
moin  de  f ibrinogine  et  d'hematoporphyrine  etait  conserv^e  k  Tobscu- 
rite.  Apris  un  temps  donne  les  trois  echantillons  etaient  soumis 
k  la  reaction  k  la  chaleur  et  k  la  thrombine.  Dans  le  but  d'executer 
cette  seconde  reaction,  j*utilisai  des  Echantillons  de  thrombine  seche, 
preparee  par  une  methode  decrite  anterieurement  (5).  La  thrombine 
stche  peut  etre  conscrv6e  ind6finiment  dans  un  exsiccateur  et  est 
facilement  soluble  dans  I'eau  ou  dans  une  solution  saline  diluee. 

Des  experiences  exEcutees  de  cette  fa^on  montr^rent  que  pour 
les  durees  indiquees  d'cxposition  a  la  lumiere  les  solutions  de  fibri- 
nogene  ne  sont  en  rien  affectees  par  la  lumiere.  Elles  donnent  un 
caillot  g6latineux  typique  en  3  a  5  minutes  avec  la  solution  de  throm- 
bine, et  le  pr^cipite  habituel  si  on  les  chauffe  k  540-56°  C.  L'echan- 
tillon  de  fibrinog^ne  et  d'h6matoporphyrine  conserve  dans  Tobscu- 
rit6  n'est  pas  modifiE  non  plus  apr^s  24  heures  ou  plus.  II  coagulc 
par  la  thrombine,  meme  plus  rapidement  que  le  fibrinogene  seul,  tt 
est  pr6cipit6  par  chauffage  a  54"-56o  C.  Au  contraire,  rechantillon 
de  fibrinogene  et  d'h6matoporphyrine  expose  k  la  lumiere  ne  donne 
aucun  caillot  avec  la  thrombine  et  ne  precipite  pas  par  la  chaleur 
entre  60®  et  90"  C.  On  peut  constater  que  TEosine  donne  des  reactions 
similaires  :  on  utilise  une  solution  d^eosine  a  1/1000,  dont  deux 
gouttes  sont  ajout6es  a  5  cc.  de  la  solution  de  fibrinogene. 

Si  Texposition  k  la  lumiere  est  raccourcie,  des  r6sultats  interme- 
diaires  peuvent  etre  obtenus.  Ceci  signifie  que  le  fibrinogene  peut  don- 
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ner  un  caillot  avec  la  thrombine,  inais  le  temps  dc  coagulation  est 
plus  ou  moins  allonge,  ou  bien  la  solution  se  coagule  iniparfaitcment 
an  lieu  de  se  prendre  en  une  gelee  conipacte. 

Outre  ses  reactions  k  la  thrombine  et  k  la  chaleur,  le  fibrinogene 
perd  dans  ces  conditions  sa  propriete  de  precipiter  par  dialyse. 

Dans  ces  experiences,  des  sacs  de  collodion  fraichement  prepares 
furent  utilises  et  Techantillon  de  fibrinogene  et  dMiematoporphyrine 
qui  avait  ete  expose  k  la  lumiere,  ainsi  qu'un  echantillon  de  fibrino- 
gene seul  egalement  illuming,  furent  dialyses  en  presence  d'un  grand 
volume  d'eau  distillee.  La  solution  temoin  donna  k  bref  delai  un  ab(m- 
dant  pr6cipite,  tandis  que  la  solution  k  rii6matoporphyrine  ne  druma 
ni  opalescence  ni  precipite  apres  une  dialyse  de  nombreuses  lieures. 
D'autre  part,  on  constata  qu^une  solution  de  fibrinogene  et  d'licma- 
toporphyrine  fut,  apres  exposition  a  la  lumiere,  precipitee  rapidement 
comnie  une  solution  normale  de  fibrinogene,  par  addition  d*acide 
acetique  dilu6  ou  par  une  solution  saturee  de  sulfate  d'ammonium, 
ajeutee  dans  la  proportion  d*un  volume  pour  quatre  ou  cinq  volumes 
dc  la  solution. 

J*executai  des  experiences  du  mcme  genre  avec  de  la  pseudoglo- 
buline  extraite  du  meme  plasma,  apres  elimination  du  fibrinogene 
qui  fut  precipite  par  le  sulfate  d'ammonium  k  demi-saturation.  La 
pseudoglobuline  fut  purifiee  par  reprecipitation  et  fut  alors,  apres 
addition  d'h6matoporphyrine,  exposee  a  la  grande  lumiere  du  soleil 
pendant  de  nombreuses  lieures.  Meme  apres  une  exposition  prolongee, 
on  constata  que  la  pseudoglobuline  ne  fut  pas  alt6ree  en  ce  qui  re- 
garde  sa  temperature  de  coagulation  par  la  chaleur. 

L'action  photodynamique  de  l'hematoporphyrine  sur  le  fibrino- 
gene s'exerce  plus  rapidement  quand  ce  dernier  a  ete  purifie  par  plu- 
sieurs  precipitations.  S'il  n'est  prdcipite  qu*une  fois  par  le  sulfate 
ammonique,  il  faut  a  la  lumiere  un  temps  plus  long  pour  produire 
Teffet  decrit.  II  parait  probable  que,  dans  ce  cas  conune  dans  celui 
de  Taction  photodynamique  de  Teosine  sur  les  erythrocytes,  les 
autres  prot^ines  presentes  exercent  une  action  protectrice.  C'est  un 
fait  bien  connu  que  le  serum  et  de  nombreuses  proteines  protegent 
les  Erythrocytes  contre  Th^molyse  par  TEosine  quand  elles  sont  expo- 
s6es  k  la  lumiere.  Schmidt  et  Norman  (6)  ont  montre  que  cette 
action  protectrice  appartient  aussi  k  quelques  amino-acides  (tryp- 
tophane et  tyrosine)  et  ils  pensent  que  la  protection  C(mfer6e  par  les 
proteines  est  due  k  la  pr&ence  de  ces  amino-acides  dans  la  molecule. 
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En  accord  avec  cette  constatation  g6n6rale,  on  trouve  que  le  fibri- 
nogene  en  plasma  (»xalate  est  moins  facilement  alt^re  qu'apres 
precipitation  et  separation  des  aiitres  proteines  du  plasma.  Au  cours 
des  observations  faites  sur  le  plasma  oxalate,  les  effets  de  riieniat(»- 
porphyrine  et  de  la  lumierc  fiirent  eprouves  de  trois  manieres  :  par 
la  chaleur  k  560-60^,  par  Taction  coagiilante  de  la  thrombine  et  par 
la  coagulation  causee  par  recalcification  de  la  solution.  En  employant 
du  plasma  oxalate  de  chat  additionn^  d*hematoporphyrine,  on  trouve 
qu'une  exposition  de  4  lieures  k  la  grande  lumi^re  du  soleil  est  en 
g^n^ral  suffisante  pour  empecher  la  precipitation  du  fibrinogene  par 
la  chaleur  i  60<>  C.  et  pour  d6truire  sa  propri6te  de  coaguler  par  addi- 
tion d'une  solution  de  thrombine.  Mais  la  coagulation  causee  par 
recalcification  du  plasma  fut  affect^e  plus  lentement  et  incomple- 
tement.  Pour  une  exposition  suffisante,  le  temps  de  coagulation 
par  ce  proc6de  fut  prolong^  depuis  5^6  minutes  (temps  normal 
montr6  par  le  plasma  neuf  ou  le  plasma  k  Th^matoporphyrine  con- 
serve k  Tobscurite)  jusqu'^  45  a  100  minutes.  II  est  interessant  de 
noter  que  Sellards  a  ant^rieurement  public  que  des  6chantillons 
de  plasma  oxalate  contenant  de  la  bilirubine  ne  coagulent  pas  k  la 
lumiere  apres  addition  de  serum,  bien  qu*ils  coagulent  rapidement 
apres  recalcification. 

Quclquos  experiences  imparfaites  furent  entreprises  pour  deter- 
miner a  quelle  longueur  d'onde  la  hnnicre  exerce  son  action  photo- 
dynamique  maxiniale  sur  les  solutions  de  fibrinogene  et  d'hemato- 
porphyrine.  Dans  une  premiere  scrie,  les  solutions  furent  tamisees 
avec  des  filtres  varies  :  un  filtre  rouge  laissant  passer  des 
longueurs  d'onde  de  58(X)  a  6800,  un  tiltre  vert  laissant  passer  des 
longueurs  comprises  entre4870  et57()0  et  un  filtre  bleu  laissant  passer 
la  lumiere  entre  4950  et  3520.  L'effet  sur  le  fibrinogene  fut  plus  rapidc 
sous  le  filtre  vert  et  moins  rapide  sous  le  bleu.  Apres  exposition 
prolongee,  cependant,  le  fibrinogene  montra  Teffet  habituel  dans  Ictf 
trois  cas.  Dans  ces  experiences,  les  tubes  contenant  le  fibrinogene 
et  riiematoporphyrine  furent  disposes  dans  fa  chambre  obscure  dc 
telle  faijon  que  seule  la  lumiere  ayant  traverse  les  filtres  pouvait  ks 
atteindre.  Dans  une  seconde  serie,  une  grille  concave  de  Row- 
land k  la  longueur  focale  de  I  metre  ainsi  que  la  hnniere  il'iin 
arc  au  fer-carbone  furent  utilises.  Vu  lafaible  intensite  de  la  lumiere, 
Taction  de  Tliematoporphyrine  sur  les  erythrocytes  fut  experimcn- 
tee  de  preference  k  son  action  sur  le  fibrinogene.  Des  tubes  conte- 


ACTION  DE  l'h^matoporphyrine  275 

nant  une  suspension  k  0.2  *;;,  dc  globules  laves,  additlonnes  chacun 
de  quelques  gouttes  d^une  solution  d'hematoporphyrine  de  0.2  %, 
furent  exposes  au  spectre,  aux  longueurs  d'onde  de  24(K),  3(KX),  4000, 
5000,  et  au  rouge  fonce  pendant  une  lieure  et  deniie.  On  utilisa  des 
tubes  de  quartz  pour  ks  ecliantillons  k  2400  et  30(K).  Pour  les  temps 
d'exposition  employes,  I'liemolyse  ne  se  produisit  dans  aucun  des 
tubes,  mais  quand  ils  furent  ulterieurement  places  k  la  lumiere  so- 
laire  riiemolyse  apparut  plus  rapidement  dans  le  tube  prealablement 
expose  a  5000  et  ensuite  dans  celui  prealablement  expose  au  rouge 
foncc.  Telles  qu*elles  sont,  ces  experiences  tendent  a  confirmer  les 
faits  observes  par  Hausmann,  c'est-a-dire  que  Taction  pliotodyna- 
mique  maximale  de  rhematoporphyrine  se  produit  avec  des  lon- 
gueurs d'onde  voisines  de  SOCX),  qui  correspcmdent  k  leur  principale 
bande  d*absorption. 

A  ce  propos,  j'ai  observe  une  intercssante  difference  entre  Taction 
des  rayons  ultraviolets  «  rapprochh  )»  ou  (^  eioignis  »,  le  dernier  terme 
s'appliquant  a  des  rayons  a  longueur  d'onde  inferieure  a  3000.  La 
lumiere  ultraviolette  rapprochee  fut  obtenue  en  faisant  passer  la 
lumiere  d'un  arc  k  vapeur  de  mercure  a  travers  du  verre  ultraviolet 
de  Wood,  qui  a  uno  longueur  de  transnu'ssion  intermediaire  entre 
39(K)  et  3300.  Une  telle  lumiere  est  sans  effet  (pour  le  temps  d*expo- 
sition  utilise)  sur  des  solutions  de  fibrinogene  seul,  mais  sur  les  solu- 
tions qui  contiennent  de  Thematoporphyrine  le  fibrinogene,  apres 
une  exposition  de  1  a  2  lieures,  montre  les  effets  decrits  ci-dessus, 
notamment  une  perte  complete  de  la  propriete  de  prccipiter  par  la 
chaleur  ou  de  coaguler  par  la  tlirombine.  Les  effets  des  rayons  ultra- 
violets eloignes  furent  obtenus  en  exposant  dans  des  tubes  de  quartz 
les  solutions  k  la  lumiere  ncm  tamisee  d'un  arc  k  vapeur  de  mercure. 
Cette  lumiere  cause  la  precipitation  des  solutions  de  fibrinogene 
apres  une  exposititm  de  1/2  a  3/4  heure,  et  ceci  s'accorde  avec  son 
action  coagulante  bien  connue  sur  des  solutions  de  proteine.  Quand 
de  Thematoporphyrine  etait  ajoutee  a  la  solution  dc  fibrinogene, 
cette  precipitation  ne  se  produisait  pas.  La  solution  restait  claire, 
mais  file  ne  donnait  plus  de  caillots  avec  la  thrombine. 

Plusieurs  auteurs  out  suppose  que  Tacticm  sensibilisante  de  The- 
matoporphyrine et  d'autres  reactifs  photodynamiques  consiste  essen- 
tiellement  dans  une  alterati(m  de  la  substance  considcree,  telle  qu'elle 
rend  les  longues  ondes  lumineuses  capables  d'effectuer  les  change- 
ments  que  Ton  sait  etre  caus6s  par  les  courts  rayons  ultraviolets. 
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en  les  reiidaiit  ninins  solubles,  ainsi  que  I'indique  la  plus  grande 
faeilite  de  precipitation,  et  que  cet  effet  est  facility  par  I'eosinc, 
rii^niatoporpliyrine  et  d'autres  sensibilisateiirs.  Cette  conclusion 
n'cst  evidemmcnt  pas  applicable  au  cas  du  fibrinogene, 

Tandis  que  les  rayons  ultraviolets  ^loign^s  causent  la  precipitation 
dn  fibrinog^ne,  cette  reaction  est  empechee  par  la  presence  de  I'he- 
matoporphyrine.  L'cHet  de  ce  sensibitisaleur  est  de  rendre  les  lumiires 
visible  et  ultraviolette  capables  de  changer  le  fibrinogine  en  line  forme 
plus  soluble  de  proline.  Le  fibrinogine,  insoluble  dans  I'eau,  est  change 
en  une  proliine  soluble  dans  I'eau,  protHiie  non  pricipitie  par  la  clia- 
leur  et  non  coagulee  de  ses  solutims  par  faction  de  la  tlirombine.  Celle 
modi/ication  est  analogue  a  celle  que  produit  faction  des  aicalis. 

La  fa^on  dont  i'lieinatoporpliyjine  participe  A  la  reaction  n'a  pas 
encore  hit  ddcouverte.  On  sait  parfaitenient  que  pour  que  la  reaction 
plintodynamique  sc  produise,  rhfimatoporphyrine  et  la  substance 
sur  laquc'lle  clle  agit  doivent  £tre  en  contact  intinic  I'une  avec  I'autre 
pendant  que  la  lumiere  agit.  Une  exposition  prealable  de  I'heinato- 
porphyrine  a  la  lumiere  no  determine  pas  de  cliangement  capable 
d'affecter  le  fibrinogene  quand  les  solutions  snnt  ulterienrement 
mises  en  contact  dans  rohscurite,  et  une  solution  d'hematopor- 
phyrine  separee  par  une  mince  lame  de  quartz  d'une  solution  de 
fibrinogene  n'excrce  aucunt-  action  pliotodynamiquc  si  on  Texpose 
h  la  lumiere.  II  sembkrait  que  I'liematoporphyrine  declanclie  ou  fa- 
eilite Taction  de  la  lumiere  A  la  fafon  d'un  catalyseur. 
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AN  ARTIFICIAL  NBRVB 

PHTUOLOcasTS  are  keenly  interested  in  all 
attempts  to  discoyer  an  e3q;>lanation  or  an 
analogy  for  the  passage  of  the  nerve  stimulus. 
Most  enlightening  suggestions  have  reoenily 
been  lyreeented  by  Lillie^  in  his  studies  of 
passivity  phenomena  in  pure  iron  wires.  It 
seems  that  the  transmission  of  the  momen- 
tary wave  of  activity  which  occurs  in  a  pas- 
sive iron  wire  on  activation  in  70%  nitric 
acid  is  closely  analogous  both  chemically  and 
electrically  to  the  passage  of  the  nerve  im- 
pulse. 

The  general  similarity  of  the  two  phenom- 
ena was  apparently  first  noticed  by  Wilhelm 
Ostwald  and  subsequently  elaborated  by  his 
student  Heathcote.*  In  a  paper  published  in 
1907  under  the  caption  ^Transmission  along 
a  nerve"  (pt.  909)  Heathcote  writes  as  fol- 
lows: 

In  1900^  then,  Prof.  Ostwald  called  our  attention 
to  the  possibility  of  nerve  transmission  being  a 
process  aUn  to  the  transmission  of  activity.  .  .  . 
It  is  to  be  expected  .  .  .  tiiat  transmission  of  ac- 
tivity would  be  slower  immediately  after  the  first 
transmission  owing  to  prodncts  of  reaction  aronnd 
the  iron.  This  has  been  confirmed  by  direct  ex- 
periments  in  the  case  of  iron  in  nitric  add.  An 
effect  of  Uiis  kind  in  a  nerve  would  explain  the 
nature  of  ''fatigoe''  so  far  as  it  concerns  nerves. 

After  discussing  the  small  amount  of  energy 
consumption  in  both  transmissions  Heathcote 
summarises  his  conclusions  as  follows: 

There  is  nothing  in  the  stroctore  of  nerve  which 
renders  it  impossible  to  regard  transmission  as 

iLilHe,  B.  S.,  '18,  Sounob,  43,  51;  '20//. 
General  Fhyeiol,,  3, 107. 

sHeathcotCi  H.  L.,  '07,  /.  8oe.  Chem.  Indui- 
iriee,  26,  899. 
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ScHANZ  (8)  a  6tabli  que  la  lumi^re  agit  sur  les  solutions  de  proteines 
en  les  rendant  nioins  solubles,  ainsi  que  Tindique  la  plus  grande 
facility  de  precipitation,  et  que  cet  effet  est  facilite  par  Teosine, 
rh6matoporphyrine  et  d*autres  sensibilisateurs.  Cette  conclusion 
n'est  evideninient  pas  applicable  au  cas  du  fibrinogene. 

Tandis  que  les  rayons  ultraviolets  eloign^s  causent  la  precipitatiun 
du  fibrinogene,  cette  reaction  tst  empechee  par  la  presence  de  rhe- 
matoporphyrine.  Leffet  de  ce  sensibilisateur  est  de  rendre  les  lumiercs 
visible  et  ultraviolette  capables  de  changer  le  fibrinogine  en  une  forme 
plus  soluble  de  proteine.  Le  fibrinogene,  insoluble  dans  Veau,  est  change 
en  une  protiine  soluble  dans  I'eau,  proteine  non  pricipitie  par  la  cha- 
leur  et  non  coagulee  de  ses  solutions  par  iaction  de  la  thrombine,  Cette 
modification  est  analogue  a  celle  que  produit  Faction  des  alcalis. 

La  fa?on  dont  rii^matoporphyxine  participe  k  la  reaction  n'a  pas 
encore  6te  d^couverte.  On  sait  parfaitement  que  pour  que  la  reaction 
pliotodynaniique  se  produise,  rheniatoporphyrine  et  la  substance 
sur  laquclle  elle  agit  doivent  ctre  en  contact  intime  Tune  avec  I'autre 
pendant  que  la  lumiere  agit.  Une  exposition  prealable  de  rheniato- 
porphyrine k  la  lumiere  ne  determine  pas  de  changenient  capable 
d'affecter  le  fibrinogene  quand  les  solutions  sont  ulterieurement 
mises  en  contact  dans  Tobscurite,  et  une  solution  d'hematopor- 
phyrine  separee  par  une  mince  lame  de  quartz  d'une  solution  de 
fibrinogene  n'exercc  aucune  action  pliotodynaniique  si  on  Texp^H' 
a  la  lumiere.  II  sembkrait  que  rhematoporpliyriiie  declanchc  nu  fa- 
cilite Taction  de  la  lumiere  a  la  fa^on  d'un  catalyseur. 
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PHTUOLOcasTS  are  keenly  interested  in  all 
attempts  to  discoyer  an  e3q;>lanation  or  an 
analogy  for  the  passage  of  the  nerve  stimulus. 
Most  enlightening  suggestions  hare  reoenily 
been  lyreeented  I^  Lillie^  in  his  studies  of 
passivity  phenomena  in  pure  iron  wires.  It 
seems  that  the  transmission  of  the  momen- 
tary wave  of  activity  which  occurs  in  a  pas- 
sive iron  wire  on  activation  in  70%  nitric 
acid  is  closely  analogous  both  chemically  and 
electrically  to  the  passage  of  the  nerve  im- 
pulse. 

The  general  similarity  of  the  two  phenom- 
ena was  apparently  first  noticed  by  Wilhelm 
Ostwald  and  subsequently  elaborated  by  his 
student  Heathcote.*  In  a  paper  published  in 
1907  under  the  caption  ^Transmission  along 
a  nerve"  (p.  909)  Heathcote  writes  as  fol- 
lows: 

la  1900^  then,  Prof.  Ostwald  called  onr  attention 
to  the  possibility  of  nerve  transmission  being  a 
process  aUn  to  the  transmission  of  activity.  .  .  . 
It  is  to  be  expected  .  .  .  tiiat  transmission  of  ac- 
tivity would  be  slower  immediately  after  the  first 
transmission  owing  to  prodncts  of  reaction  aronnd 
the  iron.  This  has  been  confirmed  by  direct  ex- 
periments in  the  case  of  iron  in  nitric  acid.  An 
effect  of  Uiis  kind  in  a  nerve  would  explain  the 
nature  of  ''fatigue"  so  far  as  it  concerns  nerves. 

After  discussing  the  small  amount  of  energy 
consumption  in  both  transmissions  Heathcote 
summarizes  his  conclusions  as  follows: 

There  is  nothing  in  the  stroctore  of  nerve  which 
renders  it  impossible  to  regard  transmission  as 

ililHe,  B.  S.,  '18,  Sounob,  43,  51;  '20,  /. 
Gensrol  Pkytiol.,  3, 107. 

2  Heathcote,  H.  L.,  '07,  /.  Boo.  Chem.  Indui- 
tries,  26,  899. 


wire  reffittering  a  diphasic  '^  action  oorrent" 
on  the  galTanometer. 

In  its  passage  down  the  spring  tfaeaetiTa- 
tion  ware  sets  free  a  shower  of  minnte  bub- 
bles which  change  the  color  of  the  acid  suf- 
ficiently to  make  the  wave  of  aotiyity  dearlj 
visible  even  at  some  distance  from  the  prepar- 
ation. This  preparation  recovers  rapidly  at 
room  temperatore  and  may  be  used  repeated- 
ly to  demonstrate  mechanical,  chemical  and 
electrical  stimulation  as  well  as  the  time  re- 
quired for  the  passage  of  a  single  activation 
wave  over  a  distance  of  ten  meters.  At  the 
dose  of  the  demonstration  the  coil  should  be 
removed  from  the  burette,  thoroughly  rinsed 
in  slightly  alkine  water  and  alcohol  and 
rubbed  briskly  with  a  rough  doth.  With 
these  precautions  it  may  be  used  repeatedly. 

Bbtkold  a.  Spabth 

TES  PHTBIOLOaiGAL  LABOEATOBT, 

School  or  HTontNi  and  Pubuo 
Johns  Hopkins  IInivibsitt 


The  passage  of  the  wave  of  aetiyation  over 
the  surface  of  a  short  wire  is  so  rapid,  that 
it  is  not  easily  demonstrated  to  a  large  group 
of  students.  The  simple  arrangement  here 
described  is  clearly  visible  at  a  considerable 
distance  and  has  been  used  successfully  as  a 
lecture  table  demonstration. 

Nine  and  a  half  meters  of  a  ten-meter  piece 
of  number  20  piano  wire  are  wound  by  hand 
on  a  machine  lathe  into  a  spring  small  enough 
to  slip  easily  into  a  100  cc.  burette.  After 
stretching  the  spring  suficiendy  to  insulate 
the  individual  turns,  a  glass  tube  is  inserted 
in  the  spring  and  the  remaining  half  meter 
of  wire  is  returned  through  this  tube.  When 
set  into  the  burette  the  upper  end  of  this  tube 
should  just  reach  the  burette  top  (Fig.  1). 
The  two  free  ends  of  the  piano  wire  are  now 
connected  through  thin  iron  wires  with  a 
demonstration  galvanometer  or  voltmeter 
which  registers  both  positive  and  negative 
variations.  After  filling  the  burette  three 
quarters  with  70  per  cent  c.p.  nitric  acid 
(by  volume)  the  spring  coil  is  lowered  into  it 
xmtil  about  an  inch  of  the  lower  end  of  the 
coil  is  submerged  in  the  acid.  The  submerged 
inch  of  wire  immediately  begins  to  dissolve 
but  if  the  coil  is  held  in  this  position  until 
chemical  action  ceases,  the  entire  wire  may 
be  lowered  into  the  acid  without  further 
action.  In  other  words  by  passifying  one  end 
of  a  wire  and  then  slowly  lowering  the  re- 
mainder of  that  wire  into  acid  the  entire 
piece  is  passified.  To  prevent  activation  the 
wire  must  be  lowered  slowly  and  steadily. 
The  coil  is  now  ready  to  be  tested  at  intervals 
with  a  zinc  or  coiyper  ''stimulus''  applied 
just  at  the  surface  of  the  nitric  acid  at  the 
top  of  the  burette.  After  a  somewhat  variable 
latent  period  the  entire  spring  becomes 
activated.  The  wave  of  activation  passes 
down  the  coil  and  back  through  the  return 


wire  regiBtermg  a  diphasic  "act 
on  the  Kalvanonieter. 

Id  ita  passa^  down  the  spring  the  actira- 
tion  wave  sets  free  a  shower  of  niinate  bub- 
bles which  cbacgre  the  color  of  the  acid  suf- 
ficiently to  make  the  ware  of  actiTit;  dearl? 
risible  erven  at  some  distance  from  the  prepar- 
ation. This  preparation  reoorers  rapidly  at 
room  temperature  and  may  be  used  repeated- 
ly to  demonstrate  mechanical,  chemical  and 
electrical  stimulation  as  well  as  the  time  re- 
quired for  the  paasagfi  of  a  sing'le  activation 
ware  orer  a  distance  of  ten  meters.  At  the 
close  of  the  demonstration  the  coil  should  be 
remored  from  the  burette,  thoroughly  rinsed 
in  slightly  alkine  water  and  alcohol  and 
rubbed  briskly  with  a  rough  cloth.  Witli 
these  precautions  it  may  be  used  repeatedly. 
RErsoiiO  A.  Spaeth 

Tbk  Phtsiolosioai.  Labobatobt, 
SoBooL  or  Htoon*  and  Public  Health, 
Johns  Hopkins  UKtrxssrFT 
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THE  RELATION  BETWEEN  FATIGUE  AND  THE  SUSCEPTI- 
BILITY OF  RATS  TOWARDS  A  TOXIN  AND  AN 

INFECTION.* 

By  ELLA  HUTZLER  OPPENHEIMER  and  REYNOLD  A.  SPAETH. 

(Received  for  publication,  October  1,  1921.) 

Preliminary. 

There  is  a  popular  belief  in  the  medical  world  today  that  a  fa- 
tigued individual  is  more  susceptible  to  disease  than  a  non-fatigrued 
individual.  There  are  no  available  statistics  to  prove  or  disprove  this 
opinion.  All  that  is  known  is  that  workers  in  industry,  and  they 
necessarily  must  be  included  in  the  group  of  **  fatigued  individuals," 
become  infected  as  do  the  idle  onlookers.  There  arc  no  comparative 
figures  on  the  susceptibility  rates  for  the  two  groups. 

This  series  of  experiments  attempts  to  discover  whether  a  state  of 
fatigue  will  produce  in  experimental  animals  a  greater  susceptibility 
to  toxins  and  infections.  By  the  term  *  *  fatigue  ' '  we  mean  a  con- 
dition of  temporary  exhaustion  produced  by  excessive  muscular  exer- 
tion. In  our  work  with  tetanus  toxin,  we  found  that  while  fatigue  did 
not  markedly  reduce  susceptibility,  neither  did  it  increase  it  in  white 
and  hooded  rats.  There  was,  however,  a  definite  tendency  for  fatigue 
to  increase  the  resistance  of  these  rats  towards  an  infection  of  pneu- 
mococci. 

Previous  work  on  fatigue  and  susceptibility. 

Although  we  found  no  record  of  any  work  on  the  relation  between 
fatigue  and  susceptibility  to  toxins,  we  discovered  in  the  literature 
accounts  of  similar  work  by  two  groups  of  investigators  on  the  in- 
fluence of  fatigue  on  susceptibility  to  infections.  Their  results  were 
not  the  same. 

In  1890,  Charrin  and  Roger  (1)  (2)  injected  22  white  rats  witli 
anthrax  bacilli  of  different  virulence.  Of  the  11  rats  injected  with 
'*  charbon  bacteridien, ' '   3   un fatigued   controls   all  survived.     The 

•  From  the  Physiological  Laboratory,  School  of  Hygiene  and  Public  Health, 
Johns  Hopkins  University. 
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otibor  8  r«U  wm  frtigoed  afl»r  m^^  Qneof  fluMi  survmd;  2 
died  irifioa  24  hoan;  the  o(li0r  6  died  after  8  d^  Bbtea  reto  were 
injected  with  "  eharlxm  qnnptoiiiatiqiie."  The  5  eontreb  all  Ihred. 
The  6  rata  &tigaed  after  iojeetion  all  died ;  8  withiii  24  henn^  2  oOms 
after  W*hein  and  1  after  SO  hean.  Tlieae  reanlta  infieale  thaii  fa- 
tigue after  the  iajeetiett  of  antfarax  haeiUi  ftittin  tiie  dev<do|i]iieiit  ef 
thia  inftetioa  in  the  white  rab 

In  1910,  Abbot  and  OiId«deeve  (8)  fatigned  18  rabfaita  and  found 
that  there  waa  always  a  redaetion  of  the  opaonic  index.  From  tiiia 
H  waa  eaqpeeted  tibat  the  anaeeptibility  to  tiie  pjrogenie  organiams 
wonld  be  hei|htened,  but  the  reaolta  were  indefinite.  Of  7  fatigued 
rabbiti  injeeted  intravenoodjf  with  $tr0ft0caeeui  pyogenes,  6  died  of 
fatal  aeptieemia  from  6  to  80  da;:^  earlier  than  the  eontrolB.  Tlia 
vaatenth  rabUl  died  at  the  aame  tune  aa  tihie  eootroL  The  leeolti 
Willi  BtopkMloeaeoui  P9og9n0g  were  ea&tdf  negative.  Slevea  ex- 
haoatod  animala  with  lanened  opaoniiing  powera  dM:  not  reaet  differ- 
enlly  firom  tiie  emtrob  when  inoenlated  itttravenooflly  or  aobmi- 
tattecNady* 

Theie  reanlta,  in  ao  ftur  aa  they  are  poaHire,  eonflrm  tiie  generaSy 
acoqpted  e<»ieeption  of  tto  rdation  between  fi^igoe  and  '^natual 
•itteeptibility." 


The  animals  with  which  we  worked  were  rats,  white  and 
hooded.  In  spite  of  the  fact  that  the  M.L.D.  determinations  for  both 
tetanus  and  diphtheria  toxins  had  been  made  for  guinea  pigs,  we 
substituted  the  rats  because  of  the  ease  with  which  they  run  and  can 
be  fatigued.    The  size  of  the  rats,  was  an  additional  advantage. 

All  of  our  rats  were  vigorous,  healthy  animals  and  throughout  the 
period  of  experimentation  no  abnormalities  of  any  kind,  appeared  in 
the  stock.  None  succumbed  to  extraneous  infections.  The  rats  were 
fed  once  daily  a  uniform  McGollum  diet  of  the  following  formula : 

3  parts  oat  meal 

3  parts  whole  wheat  flour 

3  parts  com  meal 

1  part  flax-seed  meal. 

PREUMINABY  EXPERIMENTS  WITH  TETANUS  TOXIN. 

In  the  first  experiment  we  tried  to  discover  whether  fatigued  rats 
are  more  susceptible  to  tetanus  toxin  than  normal,  healthy  rats  of  the 
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approximate  age  and  size  and  under  the  same  surrounding  condi- 
tions of  temperature,  humidity  and  light.  Before  this  could  be  de- 
termined the  M.L.D.  of  tetanus  toxin  had  to  be  established  for  white 
and  hooded  rats.* 

From  information  obtained  from  the  literature  and  other  sources, 
we  were  led  to  believe  that  rats  are  highly  resistant  to  all  toxins  in- 
cluding tetanus  toxin.  But  as  the  rats  are  such  ideal  animals  for 
exercising  and  fatiguing,  we  attempted  the  M.L.D.  determinations  for 
the  tetanus  toxin  even  though  it  appeared  to  be  unfavorable.  There- 
fore, as  the  appended  table  shows,  we  began  by  giving  the  rats  large 
doses  of  the  toxin  and  decreased  the  doses  gradually.  The  M.L.D. — 
that  is,  the  dose  of  toxin  that  would  kill  a  rat  within  a  week — was 
0.00,000,004  gr.  toxin  per  gram  weight  of  rat.  For  a  150  gr.  rat, 
therefore,  the  dose  was  0.00,000,6  gr.  toxin.  The  lethal  dose,  however, 
is  much  less,  if  no  time  limit  be  placed  upon  death.  In  our  experi- 
ments we  used  a  just  sublethal  dose  and  although  this  did  not  kill, 
it  usually  paralyzed  the  rat.  In  some  cases  we  used  a  just  lethal  dose 
so  that  the  effect  of  the  fatigue,  if  there  were  any,  could  be  more 
plainly  seen. 

Table  I  in  the  Appendix  shows  the  effect  of  the  tetanus  toxin  in 
the  determination  of  its  M.L.D.  On  the  basis  of  these  determinations, 
we  decided  to  use  doses  of  0.00,000,002,6  and  0.00,000,002,4  gr.  tetanus 
toxin  per  gram  weight  of  rat  for  the  fatigue  experiments.  The  toxin 
after  being  weighed  was  dissolvod  in  normal  saline  solution  and  in- 
jected subcutaneously. 

Api'aratus. 

The  apparatus  useil  for  fatiguing  the  rats  was  essentially  similar 
to  that  of  Richter  (4).  It  consisted  of  two  sets  of  wire  drums,  three 
drums  in  each  set.  The  drums  were  made  of  one  quarter  inch  mesh 
galvanized  wire  net.  The  dimensions  and  details  of  a  single  drum  are 
shown  in  Fig.  1.  Each  drum  was  mounted  on  a  bicycle  hub.  This 
we  found  necessary  since,  when  an  axle  ran  through  the  center  of  the 
'  drum,  the  rata  would  perch  upon  this  axle  instead  of  running.  TKe 
total  distance  run  was  recorded  on  each  drum  separately  by  a  Veeder 
cyclometer  arranged  with  a  trip  lever  as  shown  in  the  figure.  At  the 
front  of  each  drum,  there  was  a  heavy  drop  door  lined  with  zinc  and 
held  in  place  by  a  spring  catch.    Tlic  circular  one  half  incli  oak  back 

*  We  are  indebted  to  Dr.  George  W.  McCoy  for  the  toxin  used  in  these  experi- 
ments, and  to  Br.  J.  P.  Leake  for  the  method  of  handling  the  toxin. 
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of  each  drum  was  likewise  lined  with  zinc.  The  complete  set-np  con- 
sisted of  six  drums  belted  in  parallel,  two  sets  of  reducing  pulleys,  a 
motor,  and  rheostat. 

Method  of  fatiguing  animals. 

We  attempted  at  first  to  make  the  rats  spontaneously  fatigue  them- 
selves in  these  drums  as  in  a  treadmill.  But  while  the  moving  drum 
is  actually  a  stimulus  which  serves  to  keep  the  rats  running,  we  could 
not  count  on  an  end  result  of  fatigue.  Following  Richter  (loc.  cit.), 
rats  were  run  for  a  series  of  days,  6  hours  at  a  time  with  6  hours  of 
rest  intervening.  At  first  their  activity  wtis  slight  but  it  gradually 
increased,  following  a  regular  learning  curve.  After  a  few  trials,  tbey 
would  run  as  much  as  4  miles  in  the  6-h6ur  interval,  but  before  there 
was  any  ovidenee  of  fatigue,  they  would  spontaneously  rest.  Thus, 
the  rats,  instead  of  becoming  exhausted  by  fatigue,  improved  their 
physical  condition  by  this  form  of  exercise. 

In  fatiguing  thfi  rats,  therefore,  the  drums  were  turned  by  an 
electric  motor.  Under  tliese  conditions  spontaneous  rest  was  prac- 
tically eliminated.  By  a  series  of  pulleys  and  a  rheostat,  we  could 
regulate  the  speed  so  that  a  definite  distance  would  be  covered  in  a 
given  interval.  Wlien  the  rats  fought  against  the  revolving  drum, 
they  were  quickly  fatigued.  Exhaustion  came  less  rapidly  when  the 
drum  was  turned  at  a  slow  rate  for  a  long  time  than  when  it  revolved 
rtipidly  for  a  short  time.  In  most  cases  as  fatigue  became  pronounced, 
the  rats  barelv  moved  one  foot  after  another  and  as  soon  as  the  drum 
ceased  moving,  they  immediately  fell  asleep. 

Measurement  op  fatigue. 

The  entire  distance  covered  by  the  rats  could  be  computed  by 
multiplying  the  circumference  of  the  drum  by  the  number  of  revolu- 
tions. We  attempted  at  first  to  run  each  rat  for  the  same  time  and 
over  the  same  distance,  hoping  that  the  fatigue  resulting  would  be 
approximately  the  same.  But  this  was  not  tTie  case.  The  greater  the 
ease  with  which  a  rat  ran,  the  longer  it'  took  to  become  fatigued. 

Therefore,  in  fatiguing  the  rats,  the  result  looked  for  was  not  fa- 
tigue in  tcjrms  of  distance  or  time  run,  but  in  terms  of  the  effect  on  the 
rat  and  its  physical  state.  When  it  was  so  greatly  fatigued  that  it 
no  longer  ran,  was  carried  about  by  the  drum,  and,  in  general,  failed 
to  respond  to  auditory  or  tactile  stimuli  and  was  content  merely  to 
lie   and  rest,  we  considered  the   rat  exhausted  and  completely   fa- 


M        .W9tk  gcwMB  oapfiPiiiTinnwi  ahp  whxu^  iu  tfwepu 
tigsed  (5>«    Ovr  «Rt«m  of  latigiie  were,  fhcmCore/  pwi^  eoq^uneal 

Alfhoas^  the  rats  lost  weight  whenever  thqr  readied  thia  fllae^ 
tiie  eondition  was  not  lasting.  This  was  proved  bjr  ronning  timn 
on  several  saeeeeding  days.  After  running  JFor  4  hours  on  one  dajt 
^Stms  nsoaUy  had  eonspletely  recovered  their  sorttal  weigjfat  kef  ore 
naming  again  the  next  day.  TIierefiM^  fte  rats  ivere  iM»t  perma- 
nenil^  harmed,  bat  were,  indeed,  oxdy  fatigoed. 

At  firstt  we  &tigqed  the  animals  once  immediately  before  injedioa. 
As  this  seemed  to  have  no  >effeet  <m  the  rats'  susceptibility,  we  in- 
creased the  amount  of  fktigne  by  exhansting  the  rats  in  three  suc- 
cessive p^ods.  Thqr  were  fatigued  two  days  before,  the  day  before, 
and  immediately  preceding  the  injection.  Other  rats  were  injected 
before  being  fatigued.  In  the  case  of  the  tetanus  toidn,  we  assumed 
that  unless  fatigue  occurred  after  the  latent  period  of  the  toxin  had 
passed,  the  effect  would  be  approximately  the  same  as  fatigue  b^ore 
injeetion.  Therefore,  the  rats  were  fatigued  not  only  immediatdy 
after  receiving  their  dose  of  tiie  toxin,  but  also  <m  the  two  sueeeediBg 
dsjys.  In  this  way,  both  toxin  and  fatigue  could  be  effective  as  the 
latent  period  of  the  former  was  surely  completed. 

At  least  3  rats  were  injected  at  the  same  time  in  each  experiment^ 
One  rat  served  as  a  control.  It  was  injected  with  the  same  dose  as 
the  rat  fatigued  before  injection.  A  third  rat  was  injected  and  sub- 
sequently fatigued  as  described  above.  The  general  experimental 
scheme  was,  therefore,  as  follows : 

• 

Group  1.    Rested   injected rested  (control) 

Group  2.    Fatigued    injected .rested 

Group  3.    Rested    injected fatigued 

Effects  of  fatigubt  on  suscEPTiBiiiiTY  to  tetanus  toxin. 

In  the  case  of  tetanus  toxin  the  variation  in  the  susceptibility  of 
fatigued  and  normal  rats  was  slight  and  was  not  always  in  the  same 
direction. 

*  In  a  few  cases^  the  rats  discovered  that  by  dying  on  their  backs  and  raising 
their  feet,  the  drum  would  slip  by  beneath  them  without  seriously  disturbing  ^cir 
position^.  When  violent  tapping  on  the  cage  no  longer  made  these  animals  jump  to 
their  feet  and  begin  running,  they  were  considered  exhausted. 
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• 

Of  the  22  rats  injected,  none  of  the  8  animals  fati^ed  before  in- 
jection died  before  the  controls ;  1  was  affected  in  the  same  way  as  the 
control,  and  2  of  these  rats  were  paralyzed  more  severely  than  the 
controls  and  were  slower  in  recovering.  Of  the  8  rats  fati^ed  after 
injection,  1  died  before  the  control ;  4  survived  the  controls ;  1  died  at 
the  same  time;  1  was  paralyzed  more  severely  and  took  longer  to 
recover  than  did  the  control,  and  1  was  paralyzed  more  severely  but 
recovered  at  the  same  time. 

Fatigue,  therefore,  incre%sfrd  the  susceptibility  of  6  rats  (37  per 
cent.),  increased  the  resistance  of  9  rats  (56  per  cent.),  and  failed  to 
aflfect  1  rat  (6  per  cent.).  Although  there  are  too  few  cases  to  warrant 
any  very  positive  conclusions,  we  were  nevertheless  struck  by  the  fact 
that  fatigue  apparently  increased  the  resistance  rather  than  the  sus- 
ceptibility of  the  majority  of  our  animals.* 

The  experimental  results  will  be  found  in  detail  in  Table  II  of 
the  Appendix. 

BeIjATIOX  BETWEEN  FATIGUE  AND  PNEUMOCOCCAL  INFECTION. 

We  selected  Type  I  pneumococcus  as  a  suitable  organism  for  test- 
ing the'  relation  between  fatigue  and  infection.  We  used  18-hour 
broth  cultures  of  a  virulent  organism  and  diluted  it  to  the  desired 
strength  with  sterile  broth.    We  made  intraperitoneal  injections.! 

We  continued  using  white  and  hooded  rats  .as  we  found  these 
animals  to  be  most  satisfactory-.  We  used  the  same  apparatus  as  in 
the  tetanus  toxin  experiments  and  the  animals  were  fatigued  in  the 
same  wav.  That  is,  we  considered  an  animal  exhausted  when  it  could 
no  longer  run  and  rolled  on  its  back  and  was  carried  about  by  the 
drum — whether  it  had  run  1  hour  or  6.  or  had  covered  1  or  4  miles. 
Some  of  the  rats  we  fatigued  once  before  injection ;  some  were  fatigued 
three  times  before  injection ;  some  were  fatigued  once  after  injection, 
and  others  in  three  periods  after  having  been  injected. 

*  Wc  desired  to  use  another  toxin  to  discover  whether  we  could  get  comparable 
results.  We,  therefore,  attempted  to  find  the  M.I..D.  of  diphtheria  toxin  for  white 
and  hooded  rats.  In  this  case,  however,  so  great  a  dose  is  necessary  to  kill  a  rat 
that  we  were  unable  to  determine  it.  In  smaller  doses,  up  to  2  c.c,  the  toxin 
affeeted  the  rats  quite  like  injections  o£  a  similar  amount  of  normal  saline  solution. 

t  In  the  course  of  the  work  with  pneumococcus,  an  ol>servation  was  made  that 
seems  worth  recording.  Eleven  rats  developed  a  pathological  condition  of  the  eye 
from  the  injection  of  the  pneumococci.  In  two  cases,  both  eyes  became  completely 
opaque;  the  others  were  affected  in  only  one  eye.  In  only  two  of  the  eleven  rat? 
did  the  eyes  clear  up.  The  autopsies  showed  that  in  no  case  was  the  lens  cloudy, 
the  opacity  being  limited  to  the  cornea. 
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Serenty^di^t  rats  were  injected;  18  of  iheee  were  unfiMagmad 
oontrols  and  ^  other  80  rats  were  fatigued.  In  this  ease,  a  dear-eal 
result  was  obtained.  Fatigue  not  only  failed  to  lower  the  rats'  xe« 
sistanoe  to  the  pneomoeoeci,  bat  actaallj  decreased  their  susceptibility 
to  this  infection  (see  Fig.  2} . 

Of  the  rats  fatigaed  before  injection,  26  snrviyed  the  contrds ;  1 
died  before  the  control;  1  died  simnltaneonsly  with  the  control,  and  2 
lost  weight  and  recovered  with  the  controls.  Of  the  rats  fatigued 
after  beuig  injected,  15  snrviyed  the  c6iitroIs;  7  died  before  the  con- 
trols; 5  died  at  the  same  time  as  their  controls,  and  3  lost  weight  and 
recovered  with  their  controls.  In  other  words,  fatigue  ixunreased  the 
resistance  of  67  i>er  cent,  of  the  rats,  and  only  increased  the  snsci^ 
tiUlity  of  13  per  cent.  The  susceptibility  of  20  per  cent,  was  un- 
'affected. 

As  a  concluding  experiment  in  the  above  series  (Series  C,  Ex- 
periment 11),  we  injected  17  rats — 6  we  used  as  controls^  6  m 
fatigued  before  injecticm  and.  5  we  fatigued  after  injection.  Five 
of  the  6  con:tit>ls  died  in  3  to  6  days;  the  6  rats  fatigued  before 
inje^on  all  survived  and  3  of  the  others  died  in  4  to  5  days.  Tbit 
is,  5  out  of  6,  or  86  per  cent,  of  the  control  rats  died,  and  only  $ 
of  11,  or  27  per  cent  of  the  fatigued  rats  died.  This  experiment 
definitely  confirm^  our  earlier  results  showing  an  increased  re: 
sistance  to  pneumococcal  infection  produced  by  fatigue.  Fig.  8 
shows  the  results  oif  experiments  9,  10  and  11,  Series  C.  In  every 
ease  the  rat  received  0.0002  c.c.  of  a  culture  that  had  been  trans- 
planted twice.  All  rats  below  the  zero  line  lived :  all  above,  indicated 
by  black  rectangles,  died. 

A  study  of  Table  III  in  the  Appendix  shows  that  fatigue  before 
the  injection  of  pnenmococci  is  nearly  twice  as  potent  (86.6  per  cent.) 
in  raising  the  resistance  to  this  infection  as  is  fatigue  which  follows 
the  pneumococcal  injection  (50  per  cent.).  We  have  no  explanation 
to  offer  at  present  either  for  the  general  fact  of  increased  resistance 
resulting  from  fatigue  or  for  the  greater  resistance  produced  by  fa- 
tigue which  precedes  the  injection.  Further  experiments,  now  in 
progress,  may  throw  some  light  on  a  physical-chemical  mechanism 
that  will  account  for  the  phenomena. 

General  conclusions. 

1.  The  susceptibility  of  white  and  hooded  rats  to  tetanus  toxin  is 
far  greater  than  has  hitherto  been  supposed.  The  M.L.D.  is 
0.00,000,004  gr.  toxin  per  gram  weight  of  rat. 
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tlmA  to  TUB  tat  iafltor^driv«a  dramfl,  mppaansMj  tends  alifl^tly  to  m- 
ttetm  their  Mristance  to  sabeataneoms  injeetions  of  tetanns  toadn. 
ma  oeenrt  T^tether  ibtigae  precedes  or  Mlows  the  injection  of  the 
teodiDi* 

8.  IKHuta  «nd  hooded  rals;  up  to  185  grams  in  .weighty  are  not  SOB* 
eqptitie  to  dijphiiieria  todn  in  doses  as  large  as  2  ex. 

4.  Fatagae^  both  preceding  and  following  intraperitoneal  injee- 
tiens  of  Type  I  pneamocoecns,  definitely  increases  the  resistance  of 
the  white  and  hooded  rats  to  that  infection. 

5.  At  least  in  the  case  of  white  and  hooded  rat%  oar  resoUs  cos- 
tradiet  the  popular  bdief  that  a  fatigued  individual  is  more  sosoepUUe 
to  disease  (tetanus  tooto  aiid  pnenmoeoccus  infection)  thw  a  nan- 
fatigued  individ|ial. 
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Appendix. 

TABLE  I. 

Series  A. 

The  M.L.D,  of  tetanus  toxin  for  white  and  hooded  rats. 
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Doee      ! 
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X1(M. 


Amt.  toxin 
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10 
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11 
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12 

163 

13 
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14 
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193 

21 

145 

22 ' 

115 

23 

139 

24 

124 

25 

123 
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THE  ACJTION  OF  ULTRAVIOLET  LIGHT  ON  EGG  ALBUMIN 
m  RELATION  TO  THE  ISOELECTRIC  POINT 

JANET  H.  CLABK 
From  ihi  School  of  Hygiene  and  PiMie  HeaUh,  Johns  Hopkine  UfdeenUif 

Received  for  publication  March  7,  1922 

Ultravidet  li^t  of  wavdengtii  less  than  300  or  330  i^  prodncel 
marked  physiological  ^ects.  light  filtered  through  f^ass,  ocmtaiahc 
oidy  wavdragths  greater  than  ZSO  tm,  has  no  ^ectexc^  inthepre*- 
ence  of  sensitizers.  A  number  of  observers  have  rep(Mrted  Hial  one  €f 
the  results  of  ultraviolet  radiation  is  the  coagulation  of  egg  attmam  (1), 
(2),  (3).  Burge  (4)  found  that  lens  protein  coagulatee  less  easily  thui 
egg  albumin.  Pincussen  (5),  in  reviewing  the  subject  of  li|^  sqis 
that  colloids  generally  tend  toward  greater  aggrega^m  under  vH^ 
▼iolet  li^t. 

In  a  recent  review  (6)  I  have  proposed  a  general  theory  of  li|^t  aetioB 
which  may  be  summarised  as  follows.  It  is  known  that  abeoiptiQii  d 
ultravidet  lig^t,  of  wavdragth  less  than  300  pmi  usually  results  in  tiie 
emission  of  electrons,  so  that  a  negatively  charged  substance  loses  its 
charge  and  an  uncharged  substance  acquires  a  positive  charge.  This 
phenomenon  is  called  the  photo-electric  effect.  The  number  and  veloc- 
ity of  these  emitted  electrons  increase  with  decreasing  wavelength  of  the 
exciting  light  (7) ,  (8) .  For  each  substance  there  is  a  long  wavelength  Umit 
to  the  effect,  or  a  photo-electric  threshold,  so  that  all  wavelengths  shorter 
and  no  wavelengths  longer  than  this  threshold  wavelength  stimulate 
the  emission  of  electrons.  The  threshold  is  fixed  for  every  substance 
under  given  conditions,  but  is  very  subject  to  shifts  with  changes  in 
surface  conditions.  The  photo-electric  effect  is  especially  marked  in 
metals,  where  ultraviolet  light  is  absorbed  in  a  surface  film,  but  it  is 
found  in  most  solids  and  also  in  a  great  many  liquids.  In  liqmds,  how- 
ever, little  light  is  absorbed  in  a  surface  layer  so  that  few  electrons  are 
lost  from  the  surface  and  the  photo-electric  effect  becomes  latent,  the 
emission  of  electrons  by  atoms  in  the  interior  being  usually  shown  by  an 
increase  in  conductivity. 
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I  have  supposed  that  the  first  step  in  all  the  actions  of  light  on  organic 
substances  is  an  emission  of  electrons  from  the  substance  affected,  that 
is,  the  ionization  of  photo-electric  molecules.  This  state  of  ionization 
may  be  likened  to  the  latent  image  in  a  photographic  plate  and  subse- 
quent development  of  this  Idtent  image  by  chemical  action  leads  to  the 
various  physiological  light  effects.  In  other  words,  the  physiological 
actions  of  light  are  due  to  the  formation  of  photochemical  compounds, 
and  the  formation  of  these  compounds  is  due  to  the  photo-electric  action 
of  light  which,  by  producing  an  ionized  condition  in  light  sensitive  mole- 
cules, leads  to  subsequent  chemical  reactions.  The  photodynamic  sensi- 
tization of  substances,  so  that  they  react  toward  visible  light,  in  the  pres- 
ence of  certain  dyes,  in  the  same  way  that  the  untreated  substance  acts 
toward  ultraviolet  light,  is  explained  thus.  In  the  presence  of  a  sensi- 
tizer the  photo-electric  threshold  of  the  light-sensitive  substance  is 
shifted  toward  longer  wavelengths,  so  that  it  is  now  photo-electric  at 
these  wavelengths  and  is  therefore  ionized,  with  resultant  chemical 
action,  by  visible  light. 

To  make  this  theory  tenable  it  must  first  be  proved  that  the  effect  of 
ultraviolet  light  is  due  to  the  emission  of  electrons  from  light-sensitive 
atoms  and  molecules.  Secondly,  it  must  be  proved  that  this  emission 
takes  place  in  visible,  as  well  as  in  ultraviolet  light  on  the  addition 
of  a  sensitizer.  The  second  part  of  the  proof  is  still  wanting,  but  the 
results  of  this  paper,  on  the  coagulation  of  egg  albumin  by  ultraviolet 
light,  furnish  excellent  evidence  for  the  first  part. 

Suppose,  as  a  premise,  that  the  absorption  of  ultraviolet  light  by  the 
particles  of  colloidal  egg  albumin  results  in  the  emission  of  electrons. 
These  colloidal  particles  are  known  to  have  no  charge  at  the  isoelectric 
point  (pH  4.8),  a  negative  charge  on  the  alkaline  of  the  isoelectric  point 
(pH  greater  than  4.8),  and  a  positive  charge  on  the  acid  side  (pH  less 
than  4.8).  On  radiating  with  ultraviolet  light  less  than  330  nn  one 
would  therefore  expect  the  following  results.  In  solutions  with  pH 
greater  than  4.8  the  particles  should  lose  their  negative  charge,  and 
some  would  acquire  a  positive  charge,  precipitating  the  others  as  coagu- 
lated albumin.  In  these  solutions  radiation  would  lead  to  greater 
aggregation.  For  pH  =  4.8,  the  particles  being  uncharged  would,  on 
radiation,  acquire  a  positive  charge  and  repel  each  other.  This  would 
give  greater  dispersion.  For  pH  less  than  4.8  the  particles  have  a  posi- 
tive charge  to  begin  with  and,  on  radiation,  this  charge  would  become 
greater,  giving  greater  dispersion. 
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If  radiated  through  glass  there  should  be  no  chanpe  in  the  aoIutiouB, 
unless  a  sensitizer  is  present,  since  egg  albumin  is  not  phot o-fletr trie  for 
wavelengths  greater  than  330  fin.  That  egg  albumin  is  photo-elect  rie 
for  wavelengths  loss  than  330;j;i  has  been  shown  by  Si-hanz  (9)  and  has 
also  been  confirmed  in  this  laboratory. 

The  loss  of  electrons  on  the  absorption  of  ultraviolet  light  should  also 
affect  the  action  of  colloids  toward  electrolytes.  The  precipitation  of 
colloids  by  electrolytes  is  supposed  to  be  due  to  neutralization  or  reversal 
of  the  electric  charge  on  the  colloid  particle  by  the  opposite  cliai^  on  the 
precipitating  ion.  In  the  particular  case  of  precipitation  of  e^  albumin 
by  aniuioniiim  sulphate  we  may  picture  the  action  of  the  electrolyte  in  the 
following  way.  As  soon  as  the  pH  of  a  solution  of  egg  albumin  is  made 
less  than  4.8  some  of  the  poaitively  charged  colloidal  particles  are  pre- 
cipitated by  half  saturation  with  animoniuni  sulphate.  This  is  due  to 
the  bivalent  anion  SO,",  which  is  known  to  be  an  cfTccti\'e  precipitating 
agent  toward  positively  ehar^jed  colloids.  The  smaller  the  pH  of  the 
solution,  the  greater  the  positive  charge  on  the  particles  of  egg  albuuiio 
and  the  greater  the  precipitation  with  half  saturation,  which  beeonwH 
practically  complete  at  pH  3.0.  The  experiments  were  not  carried  bp- 
low  pH  3.0.  For  pH  greater  than  4.8  there  is  no  precipitation  at  half 
saturation  but  it  occurs  when  a  gieater  amount  of  aumionium  sulphate 
iR  added.  Now  Sorensen  (10)  has  shown  that  in  a  solution  of  ega 
albumin,  containing  ammonium  sulphate,  the  albumin  combines  with 
the  ammonia  ion  on  the  alkaline  side  of  the  isoelectric  point.  The 
amount  of  (NH,)'*'  combined  with  the  negatively  charged  albumin 
particles  increases  with  increasing  pH  and  also  with  the  concentration 
of  ammonium  sulphate.  It  therefore  seems  probable  that  this  ccwnbina- 
tion  with  (XH4)+  reverses  the  sign  on  the  colloidal  particles  when  the 
concentration  of  ammonium  sulphate  is  great  enough.  They  then 
become  positive  and  can  be  precipitated  by  the  SO4"  ion,  so  that,  al- 
though half  saturation  with  ammonium  sulphate  does  not  precipitate 
negatively  charged  egg  albumin,  a  greater  concentration  will  do  so. 

After  radiation,  the  solution  with  pH  4.0,  having  a  greater  positive 
charge  should  give  a  larger  precipitate  with  half  saturation  than  before 
radiation,  and  solutions  with  pH  4.8,  5.6,  G.2,  (5.8,  7.2  and  7.6,  which 
give  no  precipitate  with  half  saturation  before  ra<liation,  might  be  ex- 
pected to  give  at  least  a  partial  precipitation  after  radiation. 

These  results,  predicted  theoretically  on  the  assumption  that  the  ac- 
tion of  ultraviolet  light  on  egg  albumin  is  photo-electric,  are  entirely 
confirmed  by  the  results  given  below. 
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Method.  The  white  of  a  fresh  egg  was  diluted  to  twice  its  volume 
with  distilled  water.  The  globulins  were  precipitated  by  half  saturation 
with  ammonium  sulphate  and  removed  by  centrifuging  and  filtering. 
The  albumin  solution  was  then  dialysed  for  two  days  against  distilled 
water  which  was  frequently  changed.  The  solution  thus  obtained  was 
found  to  have  a  pH  of  6.2.  By  means  of  indicators,  solutions  were  pre- 
pared with  pll  ranging  from  4.0  to  8.2.  They  were  exposed  to  the 
quartz  mercury  arc,  in  quartz  and  glass  test  tubes,  for  a  succession  of 
fifteen-minute  periods,  at  a  distance  of  five  inches.  The  temperature 
of  the  solutions  did  not  rise  above  32°C.  during  the  exposure. 

Results:  T.  Effect  of  radiation  through  glass.  No  effect  was  found 
at  any  pH  when  a  solution  was  exposed  to  the  quartz  mercury  arc  in  a 
glass  test  tube. 

IL  Effect  of  radiation  through  quartz.  If  solutions  with  pH  4.0,  4.8, 
5.6,  6.2,  6.8,  7.2,  7.6,  8.2  are  radiated  in  quartz  test  tubes  the  following 
results  are  obtained.  Solutions  with  pH  4.0,  4.8,  7.2,  7.6,  8.2  remain 
clear.  Those  with  pH  5.6,  6.2,  6.8  become  cloudy  after  an  exposure  of 
about  twenty  minutes.  This  cloudiness  increases  with  length  of  radia- 
tion although  in  6.8  it  never  becomes  very  great.  In  6.2  the  solution 
becomes  very  thick  and  milky  but  no  precipitate  forms  and  it  can  not 
be  filtered  clear.  On  half  saturation  with  ammonium  sulphate  both 
6.2  and  6.8  precipitate  leaving  a  clear  filtrate,  which  after  long  enough 
radiation  is  free  from  albumin.  Before  radiation  no  precipitate  was 
formed  with  half  saturation.  In  5.6  a  precipitate  settles  out  spontane- 
ously on  radiating  and  the  filtrate  is  clear,  no  ammonium  sulphate 
being  necessary  to  remove  the  albumin.  In  pH  4.0  more  albumin  is 
precipitated  with  half  saturation  after  radiation  than  before.  Solutions 
with  4.8,  7.2,  7.6  and  8.2,  in  spite  of  being  clear  after  radiation,  precipi- 
tate on  half  saturation  with  ammonium  sulphate,  whereas  before  radia- 
tion no  precipitate  was  formed.  In  4.8  a  short  radiation  converts  all 
the  uncharged  to  positively  charged  albumin  which  is  completely  pre- 
cipitated by  half  saturation.  In  7.2,  7.6  and  8.2  a  very  long  radiation 
is  necessary  to  complete  the  change,  the  particles  having  a  large  negative 
charge  to  begin  with.  The  fact  that  solutions  with  pH  greater  than 
6.8  do  not  show  opalescence  after  radiation  is  probably  due  to  the  fact 
that,  at  that  distance  from  the  isoelectric  point,  the  initial  dispersion  of 
the  solution  is  so  great  that  \isible  aggregation  does  not  take  place 
even  when  some  of  the  particles  become  positively  charged.  A  5.4 
solution  precipitates  in  fine  particles,  5.8  in  large  loose  flakes,  and  6.2, 
though  opalescent,  does  not  precipitate  at  all,  showing  that,  although 
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radUtion  givM  a  greats  aggr^iatioii  in  all  wduUooa  irith^|iH.-| 
thao  4.8,  the  degree  of  agsre^tion  becomes  steadily  leas  vitli^iiunHiiig 
alkaliiut7.  A  series  of  ladiated  tubes  is  shown  in  figure  1  anil  tbereaidtB 
are  tabulated  in  table  1. 

The  fact  that  it  takes  Icmger  to  complete  the  reaction  in  6J!  tlian  is 
7.2  is  probably  due  to  the  heavy  opaleecence  in  6.2  which  deaaum  tfas 
penetiation  of  the  lifi^t. 

III.  Th»  nature  ef  (Ae  precipitate.  Schaoz  (3).  has  puMidied  ^wotk 
showing  that,  after  isdiation  with  ultraviolet  l^t,  egg  albumii^ie^noK 
easily  precipitated  by  half  saturation  with  ammoniinn  sultdiate.'SHe 
took  this  to  mean  that  the  albumin  had  been  changed  to;|^obuliQ. 


Fig.  1.  A  aeries  of  tuli^a  containing  e^g  ulbumin  radiatcti)  one  hour  in  quarti 
tubes.  Tube  A  has  pH  =  3.8;  tube B,  4.8;  tube  C,  5.6;  tul>e  /),  6.2;  tubef, 
6 .8;  tube  F,  7 .8.  The  difFcrence  in  the  opacity  of  C,  D  anil  B,  which  whs  in  realit; 
very  marked,  doca  not  show  in  the  plate. 

This,  however,  is  the  wrong  interpretation.  The  precipitate  that  settles 
out  on  radiating  a  pH  5.6  solution  is  not  globulin  but  coagulated  albuimn 
for  it  does  not  dissolve  in  1  per  cent  sodium  chloride  or  in  concentrated 
hydrochloric  acid.  The  albumin  is  changed  by  radiation  and  becomes 
positively  charged  albumin,  after  which  it  is  precipitated  like  globulin 
by  half  saturation  with  ammonium  sulphate. 

IV.  Change  in  hydrogen  ion  concentTation  of  radiated  solutions.  Since 
the  hydrogen  ion  concentration  of  a  solution  has  an  effect  on  the  nature 
and  amount  of  the  electric  charge  on  the  colloidal  particles,  it  is  possible 
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that  the  discharge  of  electrons  from  the  colloidal  particles  might  in- 
fluence the  hydrogen  ion  concentration  of  a  solution.  Observations 
were  impossible,  by  the  colorimetric  method  used,  in  the  region  pH  4.8 
to  6.8  where  the  solutions  became  opalescent  on  radiation.  Solutions 
with  pH  3.6  and  7.2  were  therefore  radiated  in  quartz  and  glass  test 
tubes  and  compared  every  hdur  with  imradiated  controls.  In  neither 
case  was  the  solution  radiated  through  glass  affected  even  after  a  four- 
hour  exposure.  The  pH  3.6  solution  remained  unchanged  after  three 
hours'  radiation  through  quartz  but  showed  a  slight  change  in  the 

TABLE  1 
Efect  of  xdtraviolet  radiation  on  egg  albumin  (through  quartz) 


TIME  OF 

• 

ETTBCT  OF  ONE-HALF 

BADIATION 

pH 

CHABACTBB  OF  SOLUTION 

BATUBATION  WITH 

SATURATION  WITH 

nVU'KSBAHX     AU 

AITSB  RADIATION 

(NU«)t804 

(NH4)lS04 

COMPLETE  THE 

BKTOBE  RADIATION 

AITEB  BADIATION 

BT  ONE-HALF 
BATUBATION 

kaur$ 

4.0 

Clear 

Small  precipitate 

Heavy  precipitate 

u 

4.8 

Clear 

No  precipitate 

Heavy  precipitate 

u 

5.6 

Precipitate  in  heavy 
flakes.    Clear  on 
filtering 

No  precipitate 

Heavy  precipitate 

u 

6.2 

Thick   opalescence 
on  filtering 

No  precipitate 

Heavy  precipitate 

3! 

7.2 

Clear 

No  precipitate 

Heavy  precipitate 

3 

7.6 

Clear 

No  precipitate 

Heavy  precipitate 

4 

8.2 

Clear 

No  precipitate 

Heavy  precipitate 

Not     com- 
plete in  4 
hours 

direction  pH  3.4  after  foiu*  hours.  The  pH  7.2  solution  however  began 
to  show  a  change  at  the  end  of  an  hour  and  after  four  hours  radiation 
through  quartz  it  had  a  pH  of  6.8.  The  change  was  permanent  since  a 
radiated  solution  left  over  night,  before  the  indicator  was  added,  also 
had  a  pH  of  6.8. 

V.  The  effect  of  sensitizers.  In  the  presence  of  dyes  the  action  of  light 
on  egg  ablumin  through  quartz  may  be  delayed  or  hurried,  and  in  the 
presence  of  some  the  same  reaction  takes  place  through  glass  that  or- 
dinarily takes  place  only  though  quartz.  The  pH  of  the  egg  albiunin 
solution  was  6.2  before  the  dyes  were  added.    In  adding  the  dyes, 
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hour, 
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Not  complete 
in  2i  hours 

4 
31 

Not  compleU 
in  2t  boun 

Not  eomplcW 
in  2J  houn 

Not  romplete 
in  2)  horn* 

Albumin  +  erythrosin 

Albumin  +  rose  bengal — 

Albumin  +  methylene  blue 

Non-t€rt»ititeTi 


Albumin  +  fucbsin 

Albumin  +  roetbyl  oronga- 


Since  the  co&gulation  of  egg  albumin  by  ultraviolet  light  throu^ 
quartz  is  explained  so  perfectly  on  the  assumption  that  it  is  due  to  photo- 
electric action,  it  seems  more  than  probable  that  the  coagulation  thioo^ 
glaee,  in  the  presence  of  a  sensitizer,  is  due  to  the  same  cause.  This 
would  mean  that  the  photo-electric  threshold  of  e^  albumin  is  shifted 
to  longer  wavelengths  in  the  presence  of  a  sensitizer. 


CONCLUSIONS 


It  has  been  shown  that,  due  to  the  photoelectric  action  of  ultraviolet 
light  on  egg  albumin,  radiation  produces  a  state  of  greater  a^regation 
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when  the  albumin  particles  are  negatively  charged  and  a  state  of  greater 
dispersion  when  they  are  uncharged  or  charged  positively. 

Although  other  colloidal  solutions  have  not  been  worked  with  as  yet, 
the  principle  is  undoubtedly  of  general  application  and  should  explain, 
in  a  simple  and  satisfactory  way,  many  of  the  ph3rsiological  actions  of 
light.  So  far  no  attention  has  been  paid  to  the  importance  of  the  nature 
of  the  electrical  charge  on  a  substance  that  is  radiated  by  ultraviolet 
light.  A  study  of  the  effect  of  light  on  body  tissues  from  this  point  of 
view  promises  most  interesting  results. 
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THE  NATURE  OF  SECONDARY  VALENCE 


BY  HOMER  W.  SMITH 

PART    III-PARTITION    COEFFICIENTS   IN   THE   SYSTEM 

WATER:  ETHER 

i  1 .  Introduction 

In  the  preceding  paper  a  method  of  correction  was  given 
which  was  designed  to  eliminate  the  disturbing  influences 
of  dissociation,  association,  etc.,  from  partition  coefficients. 
This  method  of  correction  consisted  of  plotting  the  ratio 
C«/Ci  against  C2  (where  C2  and  Ci  are  the  concentrations  of 
the  solute  in  the  organic  solvent  and  the  water  layers,  respec- 
tively), and  interpolating  the  value  of  C2/C1  when  C2  has  a  given 
unitary  value,  such  as  1  millimol  per  litre.  The  value  of  the 
ratio  C2/C1  so  obtained  was  called  the  partition  coefficient, 
f.  The  partition  coefficient  of  a  large  number  of  organic 
acids  and  bases  were  determined  for  the  systems  water :  xylene 
and  water:  chloroform. 

It  was  shown  that  if  the  logarithms  of  the  partition 
coefficients,  9,  for  various  molecular  species  were  plotted 
against  the  irrespective  volumes,  the  observed  points  fell 
into  several  straight  and  parallel  lines,  these  Unes  being  sep- 
arated from  each  other  along  the  ordinates  by  arithmetically 
equal  values  of  p.  The  compounds  which  fell  upon  a  given 
line  were  arbitrarily  called  a  ''series." 

Ether  was  chosen  for  further  work  in  partition  coefficients 
largely  because  of  its  solubility  in  water.  At  25°,  water 
dissolves  about  6  percent  by  weight  of  ether,  and  ether  dis- 
solves about  one  percent  of  water.  This  is  nearly  ten  times 
the  mutual  solubility  of  water  and  chloroform.  Thus  the 
use  of  ether  makes  it  possible  to  observe  the  extent  to  which 
the  mutal  solubility  of  the  solvents  affects  the  comparative 
results.  Furthermore,  ether  is  a  good  extractive  of  the  or- 
ganic acids  and  it  is  possible  to  study  many  compounds  hav- 


ing  very  low  partition  coefficients  which  could  not  be  studied 
in  the  systems  previously  used. 

The  ether  was  carefully  repurified  by  distilling  over  cal- 
cium chloride  and  calcium  oxide.  Equal  volumes  of  ether 
and  of  the  aqueous  solutions  of  known  liter  were  measured 
into  graduated  flasks,  and  then  mixed  and  shaken  in  sepaTAUxy 
funnels  after  haWng  been  brought  to  the  correct  temperature. 
Samples  of  the  water  phase  were  than  withdrawn  and  titrated, 
and  the  concentration  in  the  ether  was  determined  by  dif- 
ference. The  solutes  were  taken  from  the  samples  used  in 
the  previous  systems  without  further  attempts  at  purifi- 
cation. 

2.   General  Considerations 

The  relations  disclosed  by  the  partition  coefficients  in 
the  system  water :  ether  are  essentially  like  those  pre\'iousI} 
discussed  for  the  systems  water:xylene  and  water:chloio- 
fonn: 

1 .  The  observed  points  fall  into  several  straight 
and  parallel  lines. 

2.  These  lines  (or  series)  are  separated  from  each 
other  by  distances  along  the  ordinates  which 
are  arithmetically  equal  (equal  intervals  of  $) 
except  that — 

3.  Since  P  is  a  Ic^arithmic  function  of  molecular 
volume,  the  value  of  the  interval  separating  any 
two  corresponding  series  increases  ten  times  with 
each  increase  in  the  absolute  value  of  ||. 

4.  The  equation  covering  these  straight  line  re- 
lationships has  been  previously  given: 

(Vb  i^   the  molecular   volume   and  a  has  been  arbitrarily 
called  the  "series  constant.") 

The  data  for  the  partition  coeflSdents  in  the  system  water: 
ether  have  been  given  in  the  following  tables.     They  are 
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arranged  by  series  (i.  e.,  thbse  compounds  falling  in  the  same 
line)  beginning  with  the  highest  observed  series  and  passing 
regularly  to  the  lowest.  The  logarithmic  nature  of  this 
series  progression  results  in  the  separation  of  the  series  by 
actual  (or  graphical)  intervals  which  gradually  diminish  in 
a  repetitive  fashion,  each  group  of  eight  series  comprising 
an  increase  of  ten  times  in  the  value  of  P  at  a  given  volume. 
Consequently  each  series  within  one  of  these  groups  of  eight* 
may  be  said  to  occupy  a  characteristic  position,  denoted  by 
the  * 'series  number."  This  series  number  is  derived  directly 
from  the  series  constant.  As  an  illustration  consider  the  first 
ten  series  given  in  Table  II. 


Series  constant  a 

Antilog.ofa 

+  1.41160 

25.80 

4.0x6.45 

+  1.28666 

19.35 

3.0x6.45 

+1.11057 

12.90 

2.0x6.45 

+0.80954 

6.45 

1.0x6.45 

+0.71263 

5.16 

.8x6.45 

+0.65464 

4.515 

.7x6.45 

+0.58769 

3.87 

.6x6.45 

+0.50851 

3.225 

.5x6.45 

+0.41160 

2.58 

.4x6.45 

The  figures  in  the  second  column  are  related  to  each  other 
as  integral  mtdtiples  of  6.45:  hence  the  respective  series  may 
be  most  simply  indicated  by  this  multiple,  or  "series  nmnber," 
as  given  in  column  3.  These  series  numbers  have  been  given 
a  decimated  form  in  order  that  their  relative  position  may  be 
identified  more  readily.  That  is,  the  series  above  the  first 
series  1  have  been  numbered  with  integrals,  the  next  group 
with  tenths,  the  next  with  hundredths,  and  so  on.  This  arrange- 
ment will  be  made  clearer  by  reference  to  Figure  1. 


^  The  term  "octave"  was  previously  applied  to  each  group  of  eight  intervals, 
trat  it  was  based  upon  the  erroneous  idea  that  there  were  only  eight  possible  se- 
ries; this  point  is  refuted  in  this  paper  and  hence  the  term  has  been  abandoned. 
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Im/L'  La  the  System  Wftter:  Bther 

TAbL*  I 
Partitlaa  Coeffidents  of  the  Amines 

Water:  Ether 


Series 

. 

v„ 

c. 

foln. 

P»k 

.1 

+0.39794 

Methyl  amine 

43.0 

1 

0.113? 

0.13S 

88.0 

1 

0.660? 

0.733 

.8 

+0.30103 

.7 

+0.24310 

Dimethyl  amine 

66.3 

1 

0.231 

0.224 

.6 

+0.17609 

Ethyl  amine 

64.6 

1 

0.172 

0.179 

n-Butyl  amine 

106.8 

1 

0.905 

0.903 

iroAmyl  amine 

127.0 

1 

2.02 

1.96 

Benzyl  amine 

127.4 

1 

2.00 

1.99 

Benzyl  methyl  amine 

151.0 

1 

5.00 

4.93 

n-Heptyl  amme 

169.5 

1 

10.3 

10.03 

Benzyl  ethyl  amine 

173.0 

1 

11.6 

11.46 

.6 

+0.09691 

151.5 

1 

3.86 

4.18 

.4 

±0.00000 

Piperidine 

108.8 

1 

0.656 

0.631 

Diethyl  amine 

109.3 

1 

0.652 

0.663 

n-Methylpiperidine 

133.8 

1 

1.68 

170 
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Table  n 

Partition  Coefficients  of  the  Adds 
Water:  Ether 


Series 

no. 

a 

Vn, 

Cj 

Pobs. 

9calc 

1 

4. 

,   -      +1.41160 

■ 

Benzoic  acid 

126.9 

10 

33.0 

33.6 

3. 

+  1.28666 

Benzoic  acid 

1 

25.0 

25.2 

2. 

+  1.11057 

Chloroacetic  acid 

75.0 

100 

2.5 

2.58 

a-Bromopropionic  add 

105.8 

10 

7.4 

7.48 

jS-Iodopropionic  acid 

115.0 

10 

10.0 

10.65 

Salicylic  add 

130.0 

1 

19.0 

19.37 

Resordnilic  add 

136.3 

10 

23.0 

24.11 

1. 

+0.80954 

Formic  acid 

41.5 

1 

0.320 

0.317 

a-Crotonic  add 

102.1 

1 

3.20 

3.24 

a-Bromopropionic  add 

105.8 

1 

3.48 

3.74 

n-Butyric  add 

107.8 

1 

4.05 

4.04 

p-Oxybenzoic  add 

132.3 

10 

10.2 

10.34 

o-Nitrobenzoic  acid 

150.8 

1 

2.17 

2.103 

.8 

+0.71263 

Thiacetic  add 

73.6 

1 

0.84 

0.869 

Chloroacetic  acid 

78.0 

1 

1.02 

1.03 

Bromoacetic  add 

84.5 

1 

1.32 

1.37 

Propionic  add 

85.3 

1 

1.32 

1.36 

5^c-Butyric  add 

107.3 

1 

3.22 

3.17 

wo- Valeric  acid 

129.5 

1 

7.40 

7.43 

Resorcinilic  acid 

136.3 

1 

9.40 

9.64 

Gentisinic  add 

136.5 

10 

10.3 

9.72 

o-Chlorobenzoic  add 

143.3 

1 

12.5 

12.60 

Phenylacetic  add 

148.9 

1 

15.2 

1 5 .  60 

o-Iodobenzoic  add 

159.4 

1 

23.0 

23 .  40 

.7 

+0.65464 

Acetic  add 

64.0 

1000 

0.535 

0.526 

Dichloroacetic  acid 

97.2 

10 

1.9 

1.882 

m-Nitrobenzoic  acid 

151.9 

1 

15.5 

15.4 

.0 

+0.58769 

Acetic  add 

64.0 

1 

0.450 

0.451 

p-Oxybenzoic  acid 

132.3 

1 

6.2 

6.20 

.5 

+0.50851 

a-jS-Dibromopropionic 

127.8 

1 

4.20 

4.35 
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Table  II  (Continued) 


Series 

. 

Vm 

C 

»ob.. 

teak. 

.4 

+0.41160 

3.5-Dmitrobenzoic  acid 

1758 

10 

21.0 

21.96 

.3 

+0.28666 

Dichloroaeetic  acid 

97.2 

1 

0.805 

0.8016 

Gentisinic  acid 

136.5 

1 

3.6 

3.64 

.2 
.1 

+0.11057 
—0.19046 

Pyruvic  acid 

85,3 

1 

0.162 

0,170 

Anthranilic  acid 

135.0 

1 

1.11  • 

1.147 

Oxalic  add 

75.6 

10 

0,116 

0.119 

Lactic  acid 

88.7 

10 

0,191 

0.194 

Bromosuccinic  acid 

140.5 

10 

1.3S 

1.417 

.08 

—11,28737 

Oxalic  acid 

75.6 

1 

0.092 

0.094 

Lactic  acid 

88,7 

1 

0.156 

0.155 

/9-Oxybutyric  acid 

109,7 

1 

0.353 

0.348 

Trichloroacetic  acid 

119,5 

1 

0.495 

0.500 

Mandelic  acid 

152,2 

10 

1.60 

1.775 

Acetylsalicylic  acid 

185.6 

10 

6.7 

0.397 

.07 

—0  .34536 

2 .4.Dinitrobenzoic  acid 

175.3 

10 

3.6 

3.77 

.06 

—0.41231 

Bromosuccinic  acid 

140.5 

1 

0  K4 

0.85 

Mandelic  acid 

1.52,2 

1 

1,30 

1,33 

Acetylsalicylic  acid 

185,6 

1 

4.75 

4,80 

.06 

—0.49149 

Malonicacid 

97,8 

1 

0,134 

0. 1376 

Benzilic  acid 

238,3 

10 

31,8 

30,21 

.04 

-0.58840 

Gallic  acid                        | 

135,0 

1 

0.451 

0.458S 

.03 

0-Phthalicacid 

—0.71334 

155,8 

10 

1.04 

1.072 

Maleicacid 

112.6 

1 

0.150 

0.1457 

Succinic  acid 

120.0 

1 

0.192 

0.193 

Laevulinic  acid 

1.30,0 

1 

0.280 

0,284 

o-Phthalic  acid 

155,6 

1 

0.740 

0,75S 

.02 

Benzilic  acid 

.—0,88943 

238,3 

1 

18.0 

18,1 

Glutaric  acid 

142,2 

1 

0.296 

0.302 

.01 

2 , 4-Dimtrobenzoic  acid 
—1 ,  19046 

175  3 

1 

1.10 

1.08 

.008 

Tartaric  acid 

123,6 

1 

0,072 

n.O740 

.007 

—1.28737 

—1,345.36 

2.4.6-Trinitrobenzoic 

.006 

acid 

—1.41231 

197.0 

10 

0,88 

0.867 

.003 

Hippuric  acid 

—1.71334 

178  7 

1 

0.379 

0.36S 

2.4.6-Trinitrobenzoic  acid 

197.0 

1 

0,30 

0.371 
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Series  no. 

Vm 

c, 

Pobs. 

a  calc. 

corre- 
sponding 
toa 

Ether 

Ponmc  acid 

41.5 

10 

0.430 

+0.94181 

Bromoacetic  acid 

84.5 

10 

2.27 

+0.94770 

n-Butyric  add 

107.8 

10 

5.20 

?(+0. 91767) 

/9-Iodopropionic  add 

115.0 

1 

7.3 

+0.94666 

n- Valeric  add 

130.0 

1 

13.54 

+0.96464 

m-Nitrobenzoic  add 

151.9 

10 

31.00 

+0.95970 

Mean 

+0.95210 

1.388 

a-Oxybut)rric  add 

111.2 

1 

0.633 

—0.05193 

3.5-Dinitrobenzoic 

add 

175.8 

1 

7.7 

—0.04351 

Mean 

—0.04772 

.1389 

Chloroform 

/3-Oxybutyric  add 

109.7 

1 

0.196 

—0.53607 

.1353 

Xylene 

n-Caproic  add 

152.5 

1 

2.37 
Mean  for 
Series  no. 

—0.16691 

1.588 

1.406 

Ether 

Chloroacetic  acid 

78.0 

10 

1.S8 

+0.89866 

1.227 

Fumaric  add 

112.6 

1 

0.58 

—0.07556 

.1190 

Xylene 

wo-Caproic  acid 

152.0 

1 

1.75 
Mean  for 
Series  no. 

—0.29029 

1.192 

1.203 

Rther 

Trichloroacetic  add 

119  5 

10 

1.50 

+0.18443 

.237 

There  are  ten  instances  which  clearly  indicate  the  existence 
of  a  series  midway  between  Series  1  and  2.  The  exact  value 
of  this  series  has  arbitrarily  been  placed  at  1.414,  or  the  square 
root  of  two  (obs.  1.406).  There  are  three  instances  indicating 
the  existence  of  another  series  between  this  and  Series  1, 
which  have  the  average  value  1.203.  The  remaining  com- 
pound, trichloroacetic  acid,  falls  between  Series  .2  and  .3 
(obs.  .237).     The  last  two  cases  will  be  disregarded  for  the 
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time  being,  but  the  evidence  is  suflSdent  to  establi^  the 
existence  of  a  sei^  betvveen  Series  1  mad  2,  and  in  subsequent 
discussions  this  will  be  recognized  as  Series  1.414. 

8.  thilntarpolatloBTalueiifCi 

In  the  previous  comviunication  only  those  partition 
coefl&dents  were  considered  which  were  derived  by  inter- 
polating to  one  millimol  per  litre  in  the  organic  solvent.  Tbxm^ 
a  detailed  discussion  ol  the  method  ol  correction  cannot  be 
attempted  at  thistime,  it  may  be  pointed  out  that  this  method 
is  of  such  a  nature  that  the  general  interpretation  diould  be 
no  different  wen  it  based  tq>on  results  obtained  &om  inter- 
polations to  any  other  series  of  geometrica%  related  vahiesi 
such  as  10, 100  or  1000  miffimots  per  litre.  (For  that  matter, 
one  might  choose  any  geometrically  related  serite  of  mtmbers 
such  as  2,  20«  200«  etc.,  3,  80,  etc.,  £or  the  interpolation  con- 
centrations.) Practical  difteulties  prevent  the  determination 
of  distribution  ratios  for  many  substances  at  sudi  <Micen- 
trations  that  we  may  interpolate  to  1000  or  even  100  m/h» 
but  in  the  ma jcMity  of  instances  it  is  possible  to  malce  this 
interpolation  to  10  m/L.  At  the  time  this  experimental 
work  was  done  it  was  not  intended  to  make  such  an  inter- 
^  polation,  and  consequentiy  it  is  possible  to  do  so  on  only  a 

part  of  the  available  data.  These  values,  derived  from  10 
m/L,  are  included  in  the  preceding  tables.  The  figures  in 
the  third  column  give  the  value  of  C2  to  which  interpolation 
has  been  made. 

4.    The  Inter-pelations  of  Series 

On  the  basis  of  the  results  obtained  in  the  systems  water: 
xylene  and  water :  chloroform  it  was  stated  that  the  observed 
values  of  9,  when  plotted  against  molecular  volume,  fell  into 
parallel  lines  or  series  which  are  separated  from  each  other 
by  distances  (in  terms  of  |P)  which  are  related  as  the  integrals 
from  one  to  10.  (Series  9  apparently  is  missing.)  This  state- 
ment, though  well  supported  by  the  evidence  under  con- 
sideration, must  be  modified  in  view  of  the  evidence  furnished 
by  the  system  water :  ether.    This  latter  evidence  shows  that 
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there  are  series  which  are  not  taken  into  account  by  this 
simple  integral  relationship.  The  data  bearing  upon  these 
additional  series  are  given  in  the  following  table. 

The  series  constants  a  which  are  given  in  the  fourth 
column  have  been  calculated  from  the  observed  partition 
coeflScients.  The  series  number  is  obtained  from  these  series 
constants  by  subtracting  the  value  of  a  for  Series  1,  and  con- 
verting the  difference  to  the  antilog.  Some  additional  data 
have  been  included  from  the  systems  water :  xylene  and  water : 

chloroform. 

5.    The  Blank  Series 

In  ether,  as  in  xylene  and  chloroform,  some- series  appear 
to  be  more  favored  than  others,  so  far  as  the  number  of  ob- 
served cases  occurring  in  them  is  concerned.  Thus  the  number 
of  compounds  occurring  in  the  various  series  is  as  follows: 


Series  numbers 

Adds 
C,  =  1  m/L 

C  =  10  m/L 

Amines 
C,  -  1  m/L 

I 

.1         .01 

8 

4 

2 

2 

.2         .02 

2 

4 

0 

3 

.3         .03 

9 

4 

•  0 

.4         .04 

1 

3 

3 

.5         .05 

2 

1 

1 

.6         .06      .000 

() 

0 

7 

.7         .07 

1 

4 

1 

.8         .08 

14 

3 

0 

Considerable  emphasis  was  previously  laid  on  the  fact 
that  some  of  these  series,  though  theoretically  called  into 
existence  by  their  simple  inter-relationships,  were  apparently 
blank,  in  the  sense  that  no  compounds  were  observed  in 
them.  The  existence  of  these  so-called  **blank  series"  is 
not  borne  out  by  this  study.  Thus  among  the  acids  at  C2  =  1 
m/L,  Series  2,  4,  5  and  7  contain  the  smallest  number  of  com- 
pounds, whereas  among  the  amines,  the  minima  are  Series 
2,  3,  5,  7  and  8.  In  xylene  and  chloroform.  Series  5,  7  and  8 
were  blank  with  both  the  amines  and  the  acids.  Thus  there 
is  a  tendency  for  the  amines  to  congregate  in  the  same  series 
in  xylene,  chloroform  and  ether;  but  with  the  acids,  if  any 
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series  at  all  may  be  considered  as  favored  in  ether,  they  are 
certainly  not  the  same  as  those  favored  in  xylene  and  chloro- 
form. It  is  evident  that  we  cannot  describe  any  series  as 
being  definitely  blank,  but  that  the  appearance  and  identity 
of  such  series  depends  upon  the  particular  solvents  under 
consideration.  However,  the  point  that  some  series  may  be 
differentiated  from  other  series  under  particular  conditions, 
cannot  be  held  to  be  without  significance  in  ■view  of  the  re- 
lations previously  discussed  in  this  connection'  tliough  the 
reason  for  this  differentiation  is  not  evident  at  the  present  time. 
6.  The  Absolute  Values  of  the  SeHes  Constants 
The  series  constants  in  the  system  water: ether  (a*)  are 
related  to  the  series  constants  in  the  system  water: xylene 
(a»)   by   a   constant   difference : 

(Adds)  a,  =  a.  +  tog  15.0 
(Amines)  a,  =  a,  -)-  log    1  50 
Thus  each  series  in  the  system  water: ether  has  a  value 
intermsofjp,  at  a  given  molecular  volume,  just  15.0orl.5  times 
I    its  value  at  that  same  volume  in  the  system  water: xylene.^ 
'  The  exact  value  of  any  series  constant  in  this,  as  in  other 

cases,  is  theoretically  determined  by  extrapolating  from  the 
observed  points  to  Vo,  =0  according  to  Equation  I.  But 
it  could  not  be  expected  that  such  a  method  woul<l  yield  out- 
right a  pure  integral  relationship  such  as  15.00;  it  must  be 
admitted  that  this  evaluation  is  based  upon  the  assumption 
that  the  series  constants  for  various  solvents  are  also  inte- 
grally related.  It  may  be  reiterated  here  that  a  similar  inte- 
gral relation  existed  between  the  systems  water: xylene  and 
water:  chloroform; 

(Acids)  ac  »  a.  -H  log  5.00 
(Amines)  ac  =  a.  +  log  5.00 
Other  systems  containing  water  will  be  considered  later, 
when  it  will  be  seen  that  this  integral  relationship  is  just  as 
true  for  various  solvents  as  for  the  solutes. 

>  Jour.  Phya.  Chem.,  25, 160. 204  (1921). 

'Tbeiystem  watCT:  ether  ia  Uie  only  one  in  which  the  acids  and  unina 
behave  diSereatly  ia  this  respect.  It  is  noteworthjr  that  here  the  difiteam  is 
exactly  10  to  1. 
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Summapy 

The  partition  coefficients  of  49  organic  acids  and  15 
organic  bases  have  been  determined  in  the  system  water :  ether 
at  25°.  The  results  obtained  from  a  comparative  treatment 
of  these  partition  coefficients  in  terms  of  molecular  volume 
are  in  good  agreement  with  the  results  obtained  in  the  systems 
water: xylene  and  water:  chloroform.  For  a  detailed  dis- 
cussion on  these  results,  the  reader  is  referred  to  the  previous 
communication.  ^ 

It  is  realized  from  the  consideration  of  further  evidence 

« 

that  the  interpretation  of  these  results  may  have  to  be  modi- 
fied in  some  respects,  but  no  attempt  will  be  made  in  this 
direction  until  all  the  experimental  evidence  has  been  pre- 
sented. 


>Jour.  Phys.  Chem..  25,  160.  204  (1921). 
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THE  NATURE  OF  SECONDARY  VALENC 


BY  HOMBR  W.  SMITH 

Supplementary  Note  on  the  Method  of  Correction" 


The  recognition  of  series  other  than  the  eight  which  have 
been  hitherto  considered  raises  a  question  as  to  the  funda^ 
mental  nature  of  this  rhythmic  beha\'ior  and  the  validibpj 
of  the  interpretation  based  upon  it.  No  entirely  satisfactotjj 
answer  can  be  made  at  the  present  time,  but  a  careful  coiw 
sideration  of  tlie  evidence  discloses  something  of  the  natuA 
of  the  phenomena  with  which  we  are  dealing.  ' 

In  the  first  place  it  can  be  seen  from  the  data  which 
have  been  gi^-en  that  in  passing  from  concentrated  to  dilute 
solutions,  the  partition  coefficient  moves  progressively  through 
one  or  more  series.     A  few  examples  are  given  below.  . 


C, 

Series  number 

Vobs. 

»«lc. J 

ETHER 

i 

Dichloroacetic  acid 

III 
1 

.:i 

1    9 
0.805 

l.SS 
U.SWi 

Oxalic  acid 

10 

.1 

0.116 

0.119 

1 

.08 

0.092 

0.094 

Chloroacetic  acid 

KXW 

■2, 

2.5 

2  5S 

1 

".A 

1.(12 

1,03 

CHLOROFORM 

Acetic  acid 

1000 

1.0 

0.25 

0.25 

100 

,4 

0.10 

0.1002 

10 

I 

.1732(1) 
,1 

0.438 
0,025 

0.4322 
0.025 

Chloroacetic  acid 

1000 

..t 

0.125 

0.1287 

100 

.1414  (2) 

0.062 

0.062(1 

10 

.08 

0.0342 

0.0343 

1 

.m 

OOIGS 

0.01716 

(1)  0.1732  =  V3 

(2)  0.1414  =  V2 
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In  the  second  place,  the  distribution  ratios  for  many 
substances  are  essentially  constant  during  dilution.  (Cf. 
acetic,  anthranilic,  sec-butyric  acids,  etc.,  in  the  following 
experimental  section.)  In  the  third  place,  there  are  instances 
in  xylene  and  chloroform  where  the  distribution  ratio  in- 
creases with  dilution.  (Cf.  t5o-amylacetic  acid  ethylamine 
and  methylamine,  etc.) 

Nevertheless,  by  interpolating  at  geometrically  related 
points  in  these  processes,  we  obtain  values  which  are  con- 
sistently related  in  a  regular  manner.  In  these  processes, 
we  are  dealing  with  a  stoichiometric  complex  (association, 
dissociation,  hydration,  etc.),  which  ''decomposes*'  at  a  given 
rate  as  we  pass  from  concentrated  to  dilute  solutions.  If 
we  look  upon  this  decomposition,  expressed  in  the  ratio  C2/C1, 
as  exponential  in  character,  then  by  means  of  the  geometrically 
related  interpolations  which  we  are  making  we  are  cross- 
sectioning  the  **behaivor,"  so  to  speak,  of  various  molectilar 
species  under  comparable  conditions.  The  fact  that  the 
relation  C2/C1  is  never  of  a  type  which  can  be  covered  through- 
out all  dilutions  by  a  single  exponential  equation  has  been 
repeatedly  demonstrated.  Where  one  exponent  covers  it 
through  a  given  range,  another  exponent  must  be  used  to  cover 
it  through  an  adjacent  range.  In  order  to  cover  the  entire 
range  from  very  concentrated  to  very  dilute  solutions,  it 
would  be  necessary  to  assume  transitions  from  one  exponent 
to  another; 

Cj/C*!  =  a;     C>/Cyi  =  b;     d/Czi  =  c;  etc. 

The  fact  that  this  interpolation  treatment  reveals  such 
simple  arithmetic  relations  in  relative  solubility  and  stoichio- 
metric behavior  would  indicate  that  similar  arithmetical 
relations  exist  in  those  forces  which  give  rise  to  the  stoichio- 
metric complex.  (In  view  of  the  existence  of  non-integral 
series  such  as  1.414,  etc.,  it  is  perhaps  unwise  to  use  the  term 
integral  in  this  connection;  but  the  same  idea  is  conveyed 
and  the  facts  more  accurately  described,  by  the  term  simple, 
arithmetical  relations.) 
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IwoC  yield  intelligible  results  were  the  initial  forces  in  ttiestotduo- 
metric  complex  continuous,  instead  of  discontinuous.  VBiiaUes; 
nor,  if  these  forces  were  continuous  variables,  could  it  be 
directly  demonstrated  that  molecular  volume  played  any 
rfile  in  intermolecular  relations,  for  if  there  is  to  be  more  than 
one  series,  the  various  series  must  be  separated  by  at  least 
definite,  if  not  related,  amounts. 

And  in  view  of  our  present  notions  of  the  stmctore  of 
matter,  it  is  not  difficult  to  believe  that  the  various  d^rees 
in  discontinuity  in  the  fundamental  forces  are  related  in  srane 

I  simple  manner. 
SECTION  III 
Experimental' 

Note  of  Correction. — The  data  for  the  partition  of  acetic 
and  chloroacctic  acids  between  water  and  chlorofonn  iriudi 
were  given  in  Section  II  (pp.  227,  22S)  of  this  paper  are  in- 
correct. The  figures  given  represent  the  distribution  between 
one  volume  of  water  and  three  volumes  of  chloroform.  Correct 
figures  for  acetic  acid  were  given  in  Section  I  (p.  215).  P 
(1000  M/L)  =  0.25;  9  (100  M/L)  =  0.10.  The  daU  for 
chloroacetic  acid  are  as  follows: 


Ci 

C, 

C,/C, 

> 

Chloroacctic  acid 

194.25 

5.50 

0.0283 

JO 

(Chloroform) 

199.00 

5.50 

0.0276 

0.a34 

8G.50 

1.6875 

0.0195 

08.25 

1.250 

0.0183 

I 

42.76 

0.025 

0.0146 

0.016S 

'  Ci  "  concentration  in  water;  Cj  =  conccntrntion  In  organic  solvent. 
The  italicized  figures  in  Lhe  1a°t  column  indicate  tbe  conoentration  in  the  organic 
solvent  (Ci)  to  which  interpolation  is  made  to  obtain  p.  Thus  for  chloroacetic 
acid,  when  Cj  =    10  M/L,  9   =  0.034;  and  when  C.   =   1  M/L,   P   =  0.0168. 
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The  Partitirai  Coefficients  of  the  Add  between' 
Water  and  Ether,  26° 


e, 

C 

C/C, 

* 

Acetic  add' 

1919.0 

1026.0 

0.535 

1156.0 

616. 0 

0.532 

333.0 

168.0 

0.505 

Mean 

73.3 

416.0 

0.568 

0.535 

Acetic  acid 

14.4 

6.75 

0.468' 

8.90 

4.20 

0.472 

5.20 

2.35 

0.452 

2.8R25 

1.2875 

0.449 

Mean 

1.075 

0.475 

0.442 

0.456 

Acetyl  salicylic  add 

1.32 

8.84 

6.7 

10 

0.84 

5.16 

6.15 

6.7 

0.49 

2.75 

5.62 

0.31 

1.57 

5.06 

I 

0.205 

0.96 

4.70 

4.75 

Anthranilic  add 

6.04 

6.80 

1.125 

3.67 

4.04 

1.130 

1.86 

2.21 

1.190 

0.100 

1.06 

1.050 

Mean 

0.520 

0.560 

1.075 

1.11 

Benzilic  add 

0.300 

9.22 

30.7 

10 

0.160 

4.44 

27.7 

31.8 

0.1200 

2.72 

22.65 

0.0775 

1.65 

20.00 

/ 

0.0600 

0.83 

16.60 

18.00 

Benzoic  add 

0.370 

.     13.75 

37.80 

10 

0.270 

8.130 

30.15 

33.0 

0.1575 

4.8625 

30.85 

0.096 

2.3850 

25.15 

0.065 

1.0250 

25.00 

I 

0.0375 

0.9126 

24.30 

25.00 

Bromoacetic  add 

4.25 

9.55 

2.245 

10 

3.05 

6.30 

2.063 

2.27 

1.475 

3.476 

1.760 

1.3125 

1.8875 

1.438 

I 

0.9625 

1.3375 

1.390 

1.32 

■  Morgan  and  Be&Km:  Zdt.  anors.  f^*"!^  SS,  806  (1907). 
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C, 

C, 

<VC, 

» 

or-Bromopropionic  acid 

1.725 

2.275 

7.11 

JO 

1.30 

9.50 

7.30 

7.4 

1.125 

6.675 

5.93 

0.8625 

1.8625 

5.64 

0.700 

3.450 

4.93 

0.5S76 

2.7876 

4.75 

0.500 

2.275 

1.65 

0.40875 

1.68125 

4.02 

I 

0.3125 

1.1250 

3.60 

3.48 

Bromosucdnic  acid 

6.70 

8.90 

1.36 

10 

3.50 

3.85 

1.10 

1.38 

2.00 

1.925 

0.963 

1.3625 

1.1625 

0.853 

/ 

0.63125 

0.4500 

0.712 

O.M 

K-Btltyric  acid 

2.64 

11.04 

5.32 

10 

l.SO 

9.20 

5.12 

5.2 

1.60 

5.02 

1.73 

0.59 

2.65 

4.50 

I 

0.336 

1.40 

4.18 

4.05 

x-ButyrUa^ 

2.6 

8.4 

3.23 

1.625 

5.575 

3.13 

0.975 

3.226 

3.30 

0.500 

1.6125 

3.22 

Mean 

0.29375 

0.85625 

2.92 

3.22 

Chloroacetic  acid 

8.58 

15.20 

1.770 

10 

7.80 

13.40 

1.718 

1.58 

5.11 

8.48 

1.60 

4.80 

6.70 

1.455 

2.86 

3.70 

1.299 

1,020 

1.9375 

2.3375 

1.208 

1.40 

1.55 

1  08 

O-Chlorobenzoic  acid 

1.360 

9.68 

26.80 

!0 

0.250 

5.67 

22.66 

27.1 

0.1925 

3.7075 

19.30 

0.145 

2.415 

16.65 

I 

1.100 

1.300 

13.00 

12.5 

a-Crotonic  acid 

3.62 

11.6 

3.30 

1.68 

5.18 

3.26 

1.24 

3.92 

3.16 

0.85 

2.73 

3  21 

0.54 

1.70 

3.15 
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c, 

c, 

Ci/C, 

P 

0.52 

1.60 

3.08 

Mean 

0.32 

0.95 

2.96 

3.20 

a-  /S-Dibromopropionic 

0.450 

3.2625 

7.25 

add 

0.350 

2.1000 

6.00 

0.25625 

1 . 13125 

4.42 

I 

0.21875 

0.85625 

3.92 

4.20 

Dichloroacetic  add 

9.5 

25.9 

2.72 

10 

6.5 

14.8 

2.28 

1.9 

4.05 

6.95 

1.72 

2.325 

2.675 

1.15 

I 

t 

1.25 

1.025 

0.82 

0.805 

2 . 4-Dinitrobenzoic  acid 

2.495 

7.78 

3.12 

10 

1.79 

4.08 

2.28 

3.6 

1.45 

2.51 

1.73 

^^   •   \# 

1.15 

1.69 

1.41 

I 

0.67 

0.68 

0.91 

1.10 

3 . 5-Dinitrobenzoic  acid 

0.365 

6.395 

17.5 

10 

0.295 

3.885 

13.2 

21.10 

0.225 

2.655 

11.8 

M»  ^     •     JL.^^ 

0.1850 

1.815 

9.8 

I 

0.1325 

1.0476 

7.9 

7.7 

Formic  add 

30.00 

13.25 

0.442 

10 

13.45 

4.75 

0.353 

0.43 

8.85 

3.25 

0.368 

\^  •  ^^^ 

6.55 

2.30 

0.351 

4.775 

1.625 

0.340 

0.320 

Fumaric  acid 

8.85 

6.75 

0.763 

4.80 

3.50 

0.729 

2.60 

1.70 

0.664 

1.5125 

0.8375 

0.554 

I 

1.01875 

0.4625 

0.454 

0.58 

Gallic  acid 

59.5 

27.0 

0.453 

35.2 

16.10 

0.457 

22.0 

10.00 

0.454 

15.75 

7.13 

0.452 

8.25 

3.72 

0.452 

Mean 

2.82 

1.27 

0.451 

0.451 

Gentisioic  acid 

1.12 

11.92 

10.66 

10 

0.83 

7.65 

9.22 

10  3 

0.60 

3.98 

6.64 

<&  \y  •  ti# 

0.41 

2.07 

6.05 

I 
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P 


c, 

C. 

C./C, 

9 

0  31 

1.205 

3.89 

3.6 

Glutaric  acid 

11-90 

3.65 

0.30O 

fi.40 

1.875 

0.292 

3  0875 

0.9125 

0.296 

1.300 

0.34375 

0.264 

I 

0.70025 

0  18750 

0.268 

0  296 

Hippuric  acid 

8.04 

2.80 

0.348 

4.66 

1.70 

0.364 

2.58 

0.98 

0.380 

1.42 

0.56 

0.394 

/ 

0.855 

0.355 

0.415 

0.376 

D-Iodobenzoic  acid 

0.1010 

2.640 

26.2 

0.0602 

1.400 

23.2 

0.0400 

0.861 

21.5 

I 

0.0238 

0.505 

21.2 

23.0 

^-lodopropionic  add 

1.44' 

15.22 

10.6 

10 

O.90O 

8.66 

9.6 

10,0 

0.500 

4.04 

9.3 

0.280 

2.26 

8.1 

I 

0.175 

1.275 

7.3 

7.3 

Lactic  acid 

28.3 

6.10 

0.180 

10 

15.7 

2.70 

0.172 

0  191 

9.35 

1.525 

0.163 

5.95 

1.000 

0.155 

I 

3.95 

0.550 

0.139 

0.15S 

Laevultnic  acid 

14.65 

3.75 

0.2675 

10.10 

2.65 

0.2625 

1^^' 

5.15 

1.40 

0.2725 

2.57 

0.725 

0.2820 

/ 

1.726 

0.500 

0.2900 

0.2SO 

Malcicadd 

11.45 

1.90 

0.166 

7.25 

1.025 

0.141 

4.85 

0.75 

0.153 

2.50 

0.35 

0.140 

/ 

1.56 

0.215 

0.138 

O.150 

Maionicadd 

94.60 

14.0 

0.148 

34.42 

5.17 

0.150 

22.30 

3.44 

0.154 

7.90 

1.05 

0.133 

3.80 

0.5125 

0.135 

/ 

2.1875 

0.29375 

0.134 

0.134 
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Ci 

C, 

C/C, 

» 

Manddicadd 

5.225 

8.525 

1.63 

10 

3.226 

4.825 

1.495 

1.66 

2.100 

2.95 

1.406 

1.070 

1.475 

1.380 

I 

0.885 

1.176 

1.330 

1.30 

m-Nitrobenzoic  acid 

0.240 

6.812 

28. S 

10 

0.180 

4.260 

23.7 

31.0 

0.135 

2.905 

21.5 

0.095 

1.875 

19.7 

/ 

0.075 

1.250 

16.7 

16.6 

0-Nitrobenzoic  acid 

1.840 

13.08 

7.11 

10 

1.200 

6.96 

5.80 

7.1 

0.790 

3.035 

3.M 

0.543 

1.413 

2.60 

I 

0.379 

0.663 

1.75 

2.17 

Oxalic  acid 

84.25 

9. CO 

0.113 

10 

39.35 

3.80 

0.0965 

0.116 

22.625 

2.0375 

0.0902 

14.10 

1.31 

0.0930 

/ 

5.9375 

0.525 

0.0SS5 

0.092 

^Oxybenzoic  acid 

1.4 

12.8 

9.15 

10 

0.875 

7.425 

8.50 

10.2 

0.675 

6.025 

8.72 

0.400 

3.250 

8.13 

I 

0.3125 

2.2625 

7.23 

0.2 

a-Oxybutyric  acid 

9.70 

0.40 

0.660 

3.55 

0.617 

4! 1376 

2.7125 

0.656 

2.875 

1.875 

0.652 

Mean 

1.7625 

1 .0875 

0.617 

0.633 

^-Oxy  butyric  acid 

0.60 

2.36 

0.350 

4.75 

1.70 

0.358 

3.05 

1.075 

0.352 

1.725 

0.000 

0.348 

Mean 

1.075 

0.375 

0.349 

0.363 

Phenylacetic  acid 

1.08 

10.12 

15.0 

0.44 

7.44 

16.9 

0.20 

3.82 

14.7 

0.17 

2.47 

14.5 

Mean 

0.085 

1.255 

14.7 

15.2 

Phtbalicacid 

6.675 

6.575 

0.S85 

:o 

m 
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C, 

C, 

Q/C, 

> 

3.800 

3.375 

0.888 

1.04 

2.375 

1.925 

0.810 

1 .5375 

1.100 

0.7IB 

/ 

0.96875 

0.66875 

0.690 

0.740 

Propionif   add 

5.45 

8.30 

1.62 

2.35 

3.375 

1.436 

0.925 

1.225 

1.325 

/ 

0.675 

0.8875 

1.315 

1.32 

Pyruvic   add 

14.10 

2.40 

0.170 

7.05 

1.15 

0.163 

5.00 

0.80 

0.100 

Mean 

3.66 

0.55 

0.151 

0.162 

Rescrdniljc  add 

0.50 

12.75 

25.50 

10 

0.3875 

8-7125 

22.50 

23.0 

0.28125 

4.51875 

16.00 

1 

0.1350 

1.5950 

11.81 

9.4? 

Salicylic  add 

0.295 

14.825 

50.3 

0.195 

7.645 

39.2 

0.125 

3.855 

30.8 

0.0850 

2.415 

28.4 

I 

0.0666 

1.3975 

21.0 

19.0 

Sucdnic  add 

13.8 

2.75 

0.199 

7.95 

1.55 

0.195 

4.3625 

0.8625 

0.1975 

2.6250 

0.4875 

0..  186 

Mean 

I.60OO 

0.2880 

0.180 

0.192 

Tartaric  add 

98.75 

6.0625 

0.0613 

37.56 

2.5625 

0.0683 

21.02 

1.50 

0.0694 

I 

8.40 

0.625 

0.0745 

0.072 

Tliiacetic  add 

9.70 

8.5 

0.877 

6.00 

5.3 

0.884 

3.175 

2.675 

0.813 

1.39 

1.165 

0.839 

/ 

0.9675 

0.8025 

0.830 

0.S4 

Trichloroacetic  acid 

8.825 

17.00 

1.928 

0 

6.640 

10.62 

1.600 

1.50 

7.10 

10.40 

1.465 

5.10 

5.40 

1.060 

3.20 

2.50 

0.7S1 

1.95 

0.85 

0.436 

I 
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c, 

c, 

c,/c, 

f 

1.4625 

0.5625 

0.385 

0.495 

2.4. 6-Trinitrobenzoic  acid 

8.28 

5.88 

0.710 

10 

4.80 

2.20 

0.458 

0.88 

2.56 

0.84 

0.328 

I 

1.09 

0.200 

0.182 

0.36 

Valeric  acid 

0.3900 

5.6700 

14.52 

0.3000 

4.3000 

14.32 

0.1700 

2.2000 

12.95 

0.1125 

1.4575 

12.92 

Mean 

0.0775 

1.0225 

13.20 

13.54 

wa- Valeric  add 

1.325 

11.0 

8.32 

0.8875 

7.0875 

7.98 

0.5750 

4.50 

7.82 

0 . 44375 

3.275 

7.70 

I 

0.2500 

1.875 

7.50 

7.04 

Partition  CoeflSdents  of  the 
Amines  between  Water  and  Ether,  25° 


Benzylamine 


Benzylethylamine 


Benzylmethylatnine 


n-Butylamine 


iso-Amylamine 


4.55 

9.60 

2.10 

2.85 

6.05 

2.12 

1.86 

3.725 

2.01 

1.10 

3.25 

2.04 

Mean 

0.675 

1.335 

1.97 

2.00 

0.92 

12.92 

14.1 

0.56 

7.60 

13.6 

0.365 

4.995 

13.7 

0.230 

2.83 

12.3 

I 

0.145 

1.74 

12.0 

11.6 

2.08 

12.84 

6.17 

1.14 

5.66 

5.84 

0.645 

3 .  665 

5.69 

0.41 

2.12 

5.17 

I 

0.23 

1.17 

5.08 

* 

5.00 

3.20 

3.52 

1.10 

2.15 

2.20 

1.02 

1.35 

1.23 

0.912 

I 

0.85 

0.76 

0.895 

0.905 

0.8375 

1.8375 

2.19 

0.4875 

1.0125 

2.08 

0.3750 

0.6500 

1.73 

I 

0.2275 

0.3875 

1.63 

2.02 
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f 

Ci 

C, 

C,/c. 

9 

■>     Comine 

1.06 

l.SS 

6.96 

1*. 

0.62 

3.72 

7.16 

0.33 

1.875 

5.68 

0.19 

1.065 

5.55 

6.33 

Diethylamine 

7.9 

6.3 

0.798 

2.876 

2.025 

0.704 

1.650 

1.075 

0.652 

1.100 

0.7375 

0.671 

I 

■■ 

0.6125 

0.4375 

0.714 

0.662 

13.5 

3.05 

0.226 

7.0 

1.60 

0  228 

-.' 

5.22 

1.26 

0.242 

-.-*  1  ; 

4.35 

1.025 

0.236 

,     --    . 

2.81 

0.63 

0.224 

1      .         '                       ■- 

2.55 

0.600 

0.235 

1.85 

0.425 

0.230 

Mem 

1.37 

0.33 

0.241 

0.231 

1.48 

9.76 

6.6 

0.92 

6.70 

6.2 

0.60 

2.97 

4.95 

0.43 

1.915 

4.46 

I 

0.26 

1.005 

3.86 

3.S6 

Ethylamiae 

14.8 

2.50 

0.169 

9.8 

1.60 

0.163 

6.075 

1.126 

0.185 

3.975 

0.676 

0.170 

Men 

2.650 

0.450 

0.176 

0.17! 

«-Heptylamine 

0.385 

8.00 

20.8 

0.275 

5.146 

18.7 

0.20O 

3.105 

15.5 

I 

0,120 

1.41 

11.75 

10.3 

Methylamine 

34.5 

3.9 

0.U3 

19.1 

2.05 

0.107 

11.26 

1.225 

0.109 

7.60 

0.90 

0.118 

Mcaa 

4.90 

0.575 

0.117 

0.113 

«Methylpiperidilie 

5.92 

10.92 

1.85 

3.42 

6.20 

1.81 

2.065 

3.69 

1.74 

1.33 

2.31 

1.74 

I 

0.805 

1..37 

1.70 

1.68 
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c, 

C 

Ct/C, 

i 

Piperidine 

14.10 
8.60 

17.85 
11.30 

0.790 
0.760 

4.85 

6.70 

0.724 

I 

2.60 
1.10 

3.80 
1.675 

0.685 
0.657 

0.655 

Trimethylamine 

6.30 
3.00 

8.90 
4.45 

0.707 
0.675 

• 

1.775 

2.65 

0.670 

1 . 1625 

1.776 

0.655 

I 

0.800 

1.2125 

0.660 

0.660 

•  t 
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BY  HOMER  W.   SMITH 

Partition   Coefficients   in  the  System  Glycerine :  Acetone 

§  1.    Introduction 

In  the  experimental  work  thus  far  presented,  water 
has  always  been  used  as  one  of  the  solvents.  Since  water  is 
unique  in  its  physical  properties,  it  seemed  possible  that  the 
restilts  obtained  in  these  systems  might  be  modified  to  a  great 
extent  in  systems  composed  of  non-aqueous  liquids.  For  this 
reason,  a  large  amount  of  work  has  been  done  in  the  system 
glycerine  :  acetone.  Glycerine  takes  the  part  of  water  and 
acetone  the  part  of  the  organic  solvent. 

In  preliminary  experiments,  a  commercial  grade  of 
glycerine  was  heated  in  a  distilling  flask  at  140°  C  for  two 
hours.  This  sample  on  trial  gave  the  same  results  as  did  the 
original  material  and  consequently  the  original  was  used  with 
out  preliminary  heating.*  It  furthermore  checked  in  a  satis- 
factory manner  other  lots  from  the  same  and  other  sources 
so  that  it  is  improbable  that  any  systematic  error  entered 
from  this  direction. 

The  acetone  was  carefully  redistilled  from  a  mixture 
of  equal  parts  of  calcium  oxide  and  calcium  chloride.  Since 
the  acid-acetone  was  repeatedly  recovered  in  this  manner, 
it  is  certain  that  the  product  was  anhydrous  and  free  from 
serious  contaminations. 

The  acid  phthalate  salts  were  made  by  mixing  stand- 
ardized solutions  of  phthalic  acid  on  the  one  hand,  and  the 
desired  amine  on  the  other,  in  the  proportions  of  two  to  one. 
It  was  assumed  that  the  remaining  titratable  hydrogen  of  the 
phthalic  acid  represented  one  molecule  of  the  amine  acid-salt. 

It  was  necessary  to  design  a  special  container  for  this 
study,   since  the  glycerine  cannot  be  measured   from   one 

*  Eastman  Research  Lab.  Practical. 
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flask  to  another  with  any  accuracy.  A  number  of  glass, 
pistol-shaped  flasks  were  devised.  Each  consisted  of  a  bulb  of 
definite  volume  (corresponding  to  the  pistol  grip)  opening  at  an 
angle  of  75°  into  a  tube  of  larger  volume  (corresponding  to  the 
pistol  barrel).  The  neck  between  the  bulb  and  cylinder  was 
made  small,  and  so  graduated  that  each  bulb  held  exactly 
the  same  volume  of  liquid  (33.2  cc  ±  .05  cc).  The  glycerine 
was  run  directly  from  a  gravity  bottle  into  the  bulb  by 
means  of  a  suitable  delivery  tube,  thus  facilitating  the  accurate 
delivery  of  a  given  volume  of  glycerine.  An  equal  volume  of 
the  acetone  solution  of  known  titer  was  then  added,  the  cylinder 
mouth  stoppered  and  shaken  for  a  few  moments  to  secure  an 
initial  mixing.  The  mixture  was  then  brought  to  the  desired 
temperature  and  shaken  for  two  or  three  minutes.     (It  is 
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probable  that  a  half-minute's  shaking  brings  the  mixture  to 
equilibrium.)  After  shaking,  the  acetone,  being  the  liquid 
of  lesser  density,  can  be  drawn  directly  into  a  pipette  inserted 
through  the  cylinder  mouth.  All  solutions  were  made  in 
acetone  and  titrated  with  standard  aqueous  acid  or  alkali. 
The  concentration  in  the  glycerine  was  determined  by  difference. 

S  2.    General  Considerations 

The  general  picttwe  is  the  same  as  it  was  in  the  previous 
systems.  It  is  therefore  not  necessary  to  describe  it  in  detail. 
This  system  puts  the  method  of  correction  to  a  much  more 
severe  test,  however,  because  after  shaking  equal  volumes 
of  acetone  and  glycerine  together,  the  acetone  layer  loses 
about  17%  in  volume,  the  glycerine  increasing  15%,  and  the 
total  volume  decreasing  2%.  Thus  we  are  not  determining  the 
partition  coefficient  of  the  solute  between  pure  acetone  and 
ptwe  glycerine,  but  between  two  mixtures  of  acetone  and 
glycerine.  Since  the  concentration  in  the  glycerine  is  de- 
termined by  difference,  and  on  a  volume  basis,  it  might  be 
expected  that  the  change  in  voltune  which  occiu^  when  the 
two  liquids  are  mixed  would  introduce  a  serious  complication. 
The  decrease  in  volume  of  the  acetone  layer  would  necessitate 
an  increase  in  concentration  of  the  solute,  were  the  solute 
unable  to  pass  into  the  glycerine  layer.  We  will  see  that  this 
actually  does  take  place  in  some  instances.  But,  where  par- 
tition does  take  place,  if  we  deal  with  concentrations  per  unit 
volume  of  solvent,  the  facts  show  that  the  relative  results  are 
not  modified.  It  is  probable,  however,  that  the  absolute 
value  of  the  series  constants  are  modified,  but  this  point  will 
not  be  treated  in  detail  until  we  consider  the  relations  between 
the  series  constants  in  various  systems. 

One  of  the  most  important  points  brought  out  by  the 
data  in  Table  I  is  the  fact  that  the  absolute  values  of  the  series 
constants  for  the  amines  and  the  acids  are  identical  in  the  system 
glycerine  :  acetone.  Consequently  the  amine  and  the  acids  have 
been  considered  together  in  the  following  tables. 


Benzilic  acid 

Benzoic  acid 

a-3-Dinitropropionic  acid 

These  compounds  pass 

2.4-Dinitrobenzoic  acid 

completely  into  the 

Salicylic  acid 

acetone  layer. 

2.4. 6-Trinitrobenzoic  acid 

M-Valeric  acid 

+  1.45154 

1.414 

Formic  acid 

41.5 

1.36 

1.39 

a-Brbmopropionic  acid 

105.8 

10 

16.2 

16.4 

ISO- Valeric  acid 

129.5 

40.0 

40.7 

1.0 

+  1.30103 

Chloroacetic  acid 

78.0 

3.90 

3.99 

n-Butyric  add 

107.8 

12.70 

12.52 

.8 

+  1.20412 

Acetic  acid 

64.0 

1.85 

1.86 

Thiacetic  add 

73.6 

10 

2.65 

2.69 

Propionic  add 

85.3 

4.20 

4.22 

Dichloroacetic  acid 

97.2 

10 

7.0 

6.67 

5ec-Butyric  acid 

107.3 

9.CS 

9  83 

.7 

+  1.14613 

Propionic  acid 

85.3 

10 

3.55 

3.69 

.6 

+  1.07918 

Bromoacetic  add 

84.5 

3.13 

3.58 

.5 

+  1.00000 

Ethyl  amine 

54.6 

10 

1.20 

1.20 

o-Bromopropionic  acid 

106.8 

5.80 

5.80 

.4 

+0.90309 

Thiacetic  add 

73.6 

1.45 

1.35 

.3 

+0.77815 

Ethyl  amine 

64.6 

0.71 

0.716 

Dimethyl  amine 

66.3 

10 

0.67? 

0.764 

Dichloroacetic  add 

97.2 

2.50 

2.50 

.2 

+0.l)<1206 

Dimethyl  amine 

66.3 

0.50 

0.502 

.1414 

+0.45154 

Trichloroacetic  add 

.1 

+0.30103 

119.5 

10 

2.65 

2.77 

Trichloroacetic  acid 

119.5 

1 

1.95 

1.9« 

.08 

+  0.20412 
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Series  number 


Pcalc. 


Anthranilic  acid 
.07 

Pumaric  acid 

Triethyl  amine 
.06 

Diethyl  amine 

Fumaric  add 

Dipropyl  amine 
.05 

Malonic  add 

Anthranilic  add 
.04 
.03 

Diethyl  amine 

Maleic  add 

Succinic  add 

n-Methylpiperidine 

Bromosucdnic  add 

Mandelic  add 
.02 

Piperidine 

Dipropyl  amine 

Triethyl  amine 
.01414 

o-Phthalic  add 
.01 

Malic  add 

Gallic  add 
.008 
.007 
.006 

Hippuric  add 
.005 
.004 

Tartaric  add 
.0001414 


+0.14613 


+0.07918 


^0.00000 


—0.09691 
—0.22185 


—0.39794 


—0.54846 
—0.69897 


—0.79588 
—0.85387 
—0.92082 

—1.00000 
—1.09691 

—2.54846 
Dimethyl  amine-add-phthalate 

.00007  —3.85387 

Trimethyl  amine-add-phthalate 

.00003  ^3.22185 

Piperidine-add-phthalate 
Diethyl  amine-add-phthalate 

.00001414  —3.54846 

n-Methylpiperidine-add-phthalate 
Dipropyl  amine-add-phthalate 

.00001  --3.69897 


136.0 

10 

2.92 

112.6 
152.6 

10 
10 

1.02 
4.9 

109.3 
112.6 
151.5 

10 
1' 
10 

0.81 
0.89 
3.75? 

97.8 
135.0 

0.443 
1.80 

109.3 
112.6 
120.0 
133.8 
140.5 
152.2 

10 

0.42 

0.457 

0.603 

0.99 

1.25 

2.05 

108.8 
151.5 
152.6 

0.276 

1.20 

1.40 

155.6 

1.09 

118.8 
135.0 

0.192 
0.352 

178.7 

1.16 

123.6 

0.090 

220.1 

0.128 

243.6 

0.157 

264.4 
264.9 

0.155 
0.168 

289.4 
305.5 

0.180 
0.335 

2.84 

1.05 
4.89 

0.796 
0.888 
4.02 

0.427 
1.78 


0.398 

0.462 

0.600 

1.02 

1.38 

2.06 

2.60 
1.34 
1.40 

1.11 

0.191 
0.366 


1.14 


0.0918 

0.132 

0.161 

0.163 
0.166 

0.188 
0.349 


1.21 
0.831 


Cone- 
spondtng 


V. 

c, 

Hob,. 

a  calc. 

scries 

Chloroacetic  acid 

78.0 

10 

4.46 

+  1.34836 

1.116 

Piperidine 

108.8 

10 

0.46 

—0.16012 

.03458 

H-Methvlpiperidine 

133.8 

1 

0.57 

—0.47413 

.01678 

Glutanc  acid 

142.2 

1 

0.88 

-0.42750 

.01877 

U-Phthalic  acid 

155.6 

10 

1.2S 

—0.48612 

.01633 

Gallic  acid 

135.0 

1 

0.352 

—0.74767 

.008942 

i  8.    The  Series  Behavior 

It  was  shown  in  the  previous  communication  that  a 
series  must  be  recognized  between  Series  1  and  Series  2;  a 
value  of  1.414  was  arbitrarily  assigned  to  this  series,  and  it 
has  been  included  in  the  above  table.  Compounds  not  fallii^ 
in  the  recognized  series  are  given  at  the  end  of  the  table.  Note 
that  H-methylpiperidine,  glutaric  acid  and  phthalic  acid  give 
an  average  value  of  .01729  which  approximates  a  series  corre- 
sponding to  the  V3,  or  1.732. 

Reference  to  the  following  experimental  section  will 
show  that  in  many  cases  the  ratio  Ca/Cg  is  constant.  For 
the  rest,  this  ratio  increases  in  about  as  many  cases  as  it 
decreases.  It  is  not  known  whether  association  in  one  solvent 
or  dissociation  in  the  other  is  the  predominant  "factor;  but 
whatever  the  cause  of  the  inconstant  ratio,  the  interpolation 
method  of  obtaining  the  partition  coefficient  yields  results 
which  are  in  excellent  agreement  with  those  compounds  which 
show  a  constant  distribution  ratio,  so  far  as  the  series  behavior 
is   concerned. 
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The   number   of   compounds   occiuring   in   the   various 
series  is  as  follows*: 


Series 

C-lm/L 

C-lOm/L 

1.414,   .1414, 

etc. 

6 

2 

1.0        .1 

etc. 

6 

0 

.8        .08 

etc. 

3 

3 

.7        .07 

etc. 

1 

2 

.6        .06 

etc. 

3 

2 

.5        .05 

etc. 

6 

1 

.4        .04 

etc. 

2 

0 

.3        .03 

etc. 

10 

2 

.2        .02 

etc. 

4 

0 

Another  important  point  is  that  some  compounds  pass 
completely  into  the  acetone  layer.  On  the  supposition  that 
the  fundamental  forces  involved  in  this  behavior  are  discon- 
tinuous in  nature,  both  as  regards  the  solute  and  the  solvents, 
it  is  not  stirprising  that  limiting  conditions  could  exist  whereby 
a  solute  would  pass  completely  in  just  this  way,  into  one  or  the 
other  solvent.  That  is,  in  a  mechanism  working  by  abrupt 
changes,  there  must  both  be  a  maximum  and  a  minimum 
activity,  and  in  any  system  in  which  one  of  these  limits  was 
reached,  the  all  (unit)  or  none  principal  would  necessitate 
complete  concentration  of  the  solute  in  one  solvent  or  the  other. 
Evidence  in  this  direction  was  seen  in  the  system  water: 
xylene,  where  it  was  found  that  xylene  did  not  extract  per- 
ceptible amotmts  of  the  dibasic  adds  and  other  compounds 
It  was  thought  at  that  time  that  this  was  largely  a  matter  of 
experimental  error,  for  the  predicted  partition  coefficients 
were  so  low  that  they  were  difficultly  determined.  But 
when  the  reverse  situation  is  found  in  this  system,  i.  e.,  when 
the  solute  passes  entirely  into  the  organic  solvent,  it  seemed 
probable  that  this  failiu-e  to  get  a  perceptible  distribution  is  a 
real  and  not  an  apparent  failure  of  the  distribution  law.  In 
general  we  know  that  with  increasing  length  in  the  carbon 
chain,  there  comes  a  time  when  the  solubility  in  water  falls  oflf 
abruptly;  this  fact  is  rendered  more  intelligible  by  the  recog- 
nition of  the  existence  of  abrupt,  limiting  conditions  in  inter- 
molecular  relations. 
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As  an  example  consider  the  simple  aliphatic  acids;  acetic, 
propionic,  and  sec-butyric  occurring  in  Series  8,  w-butyric 
in  Series  1,0  and  I'so-valeric  in  Series  1.414.  One  is  led  to  look 
for  H-valeric  in  Series  2,  where  it  would  have  a  partition 
coefficient  of  about  59,0,  a  determinable  value.  Contrarily, 
in  thb  and  other  similar  instances  the  concentration  of  the 
solute  in  the  acetone  layer  is  increased  (per  unit  volume) 
by  the  diminution  in  volume  of  this  layer.  This  increased 
concentration  makes  the  failure  of  the  distribution  law  even 
more  apparent. 

S  4.    The  Acid-Phthalate  Salts 

The  original  intention  in  including  some  salts  of  this 
nature  in  this  study  was  to  determine  whether  the  series 
constants  for  the  salts  would  be  in  agreement  with  the  acids  or 
the  amines,  or  different  from  both  of  these.  It  has  been  found, 
however,  that  the  acids  and  the  amines  have  identical  series 
constants  so  that  this  question  remains  unsettled.  It  cannot 
be  satisfactorily  settled  by  studying  any  of  the  systems  pre- 
viously used  containing  water,  because  the  partition  coefficients 
in  these  systems  are  too  small  to  be  determinable  with  any 
accuracy.  Though  little  significance  can  be  attached  to 
the  fact  that  the  salts  do  have  the  same  series  constants  as  the 
amines  and  acids,  it  is  a  very  satisfactory  way  to  have  the 
thing  work  out. 

Summary 

1.  The  partition  coefficients  of  fifty  adds,  amines,  and 
acid-phthalate  salts  have  been  determined  in  the  system 
glycerine  :  acetone.  The  results  yielded  by  these  data  are 
in  excellent  ^;reement  with  the  results  obtained  in  the  systems 
previously  studied.^ 

2.  A  fact  not  broi^^ht  out  by  previous  studies  is  that  • 
under  certain  conditions  concerning  the  nature  of  the  solvents 
and  solute,  a  solute  is  not  distributed,  but  is  concentrated 
entirely  in  one  or  the  other  of  the  solvents. 


■Jour.  Phjrs.  Chem.,  23,  160,  304,  605  (1921). 
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3.  It  is  a  noteworthy  point  that  the  series  constants 
for  the  adds  and  the  amines  (and  the  amine  salts  of  phthalic 
add)  have  the  same  absolute  value  in  this  system,  as  contrasted 
with  the  different  values  found  in  systems  containing  water 
as  one  solvent. 

Experimental.    Section  IV 

The  Partition  Coefficients  of  the  Amines,  Acids  and  Acld- 
Phthalate  Salts  between  Glycerine  and  Acetone, 

The  following  compotmds  pass  completely  into  the  acetone 
layer : 

Benzilic  add 
Benzoic  add 

a-/3-Dibromopropionic  add 
2.4-Dinitrobenzoic  add 
'Di'isohutyl  amine 
Salicylic  add 
2.4.6-Trinitrobenzoic  add 
n-Valeric  add 


Co 

Ca 

Ca/Co 

9 

Acetic  add 

17.30 

29.30 

1.69 

10.00 

17.60 

1.76 

4.85 

8.60 

1.77 

4.60 

8.20 

1.78 

3.875 

7.00 

1.81 

2.775 

4.775 

1.72 

2.77 

4.70 

1.70 

1.6 

3.025 

1.80 

1.00 

1.825 

1.82 

I 

0.9425 

1.725 

1.83 

1.85 

Anthranilic  add 

4.60 

14.70 

3.20 

10 

3.20 

8.95 

2.80 

2.92 

1.55 

3.80 

2.45 

X 

1.05 

2.20 

2.09 

1.80 

Benzylethyl  amine-add- 

10.35 

3.65 

0.302 

phthalate 

7.80 

2.55 

0.327 

5.45 

1.80 

0.330 
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Table  {Contintmi) 


Cg 

c» 

C»/Co 

T 

Formic  add 

18.0 

20.8 

1.30 

5.66 

7.8 

1.38 

3.70 

5.65 

1.39 

2.0025 

2.8875 

1.40 

Mean 

1.525 

2.076 

1.36 

1.36 

Furaaric  add 

5.275 

5.176 

0.981 

10 

2.225 

2.125 

0.954 

1.02 

1.3375 

1 .  1875 

0.888 

1 

0.730 

0.6350 

0.870 

0.89 

Galic  add 

29.85 

9.55 

0.320 

10 

12.85 

4.45 

0.346 

0.318 

6.625 

2.325 

0.351 

/ 

2.45 

0.8625 

0.352 

0.352 

Glutaricadd 

9.05 

8.15 

0.S45 

3.025 

2.60 

0.S60 

2.950 

2.575 

0.874 

1.55 

1.350 

0.870 

/ 

0.875 

0,775 

0.885 

0.880 

Hippuric  add 

19.85 

22.80 

1.15 

8.20 

9.70 

1.18 

4.10 

4.80 

1.17 

Mean 

12.40 

2.75 

1.15 

1.16 

Maldc  add 

3.05 

6.85 

0.526 

7.40 

3.50 

0.473 

32.85 

1.76 

0.454 

1.50 

0.95 

0.380 

M^ 

1.925 

0.4375 

0.454 

0.457 

Malic  add 

11.0625 

2.2875 

0.207 

5.50 

1.10 

0.200 

3.75 

0.675 

0.180 

I 

2.60 

0.475 

0.182 

0.192 

Malonic  add 

14.0 

6.05 

0.433 

6.05 

2.80 

0.462 

3.775 

1.8875 

0.500 

2.4875 

1.05 

0.423 

Mean 

1.20 

0.475 

0.396 

0.443 

Niandelic  add 

11.6 

23.0 

1.98 

8.25 

16.45 

1.99 

4.25 

8.66 

2.04 

t 

2.075 

4.225 

2.04 

2.05 

K-Metijylpiperidine 

20.8 

22.2 

1.068 

to 

11.05 

11.15 

1.010 

0.99 
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Co 

Ca 

Ca/Co 

P 

6.40 

6.10 

0.954 

3.50 

3.10 

0.886 

2.68 

2.06 

0.767 

- 

2.00 

1.375 

0.687 

1.73 

0.95 

0.550 

• 

1.30 

0.65 

0.600    ■ 

/ 

1.03 

0.29 

0.282 

0.57 

n-Methylpiperidine- 

12.75 

1.76 

0.138 

acid-phthalate 

4.55 

0.90 

0.198 

2.460 

0.680 

0.276 

/ 

1.280 

0.480 

0.375 

0.180 

o-Phthalic  acid 

6.375 

8.025 

1.26 

10 

3.200 

3.800 

1.19 

1.28 

1.5875 

1.775 

1.12 

I 

0.8750 

0.9375 

1.07 

1.09 

Piperidine 

33.3 

16.0 

0.48 

10 

23.4 

10.6. 

0.453 

0.45 

17.35 

7.8 

0.45 

12.00 

4.925 

0.41 

9.95 

4.0 

0.402 

6.775 

2.375 

0.350 

5.45 

1.875 

0.344 

3.25 

0.85 

0.262 

2.85 

0.725 

0.264 

I 

• 

1.3125 

0.225 

0.144 

0.275 

Piperidine-acid-phthalate 

10.31 

1.475 

0.143 

3.86 

0.700 

0.181 

1.85 

0.482 

0.261 

0.79 

0.369 

0.467 

I 

0.356 

0.250 

0.702 

0.156 

Propionic  add 

9.60 

31.00 

3.23 

10 

5.80 

19.40 

3.34 

3.55 

3.50 

10.85 

3.10 

2.15 

7.45 

3.46 

1.48 

5.76 

3.89 

0.78 

3.06 

3.93 

7 

0.43 

1.74 

4.05 

4.20 

Succinic  add  * 

5.70 

3.275 

0.575 

4.725 

2.925 

0.619 

2.675 

1.550 

0.580 

1.9625 

1.325 

0.675 

Mean 

1.35 

0.7625 

0.565 

0.603? 

Tartaric  add 

16.25 

1.30 

0.080 

16.25 

1.25 

0.077 

782 
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Tabls  {Continued) 


Co 

Ca 

Ca/Co 

f 

tacmcua 

16.0 

20.8 

1.30 

5.66 

7.8 

1.38 

3.70 

6.65 

1.39 

2.0625 

2.8875 

1.40 

Mesa 

1.526 

2.076 

1.36 

1.36 

Pumaricadd 

5.275 

5.175 

0.981 

10 

2.225 

2.125 

0.954 

1.02 

1.3376 

1.1875 

0.888 

/ 

0.730 

0.6360 

0.870 

0.89 

Galic9dd 

29.85 

9.85 

0.320 

10 

12.86 

4.45 

0.346 

0.318 

6.626 

2.325 

0.351 

/ 

2.45 

0.8625 

0.352 

0.352 

Glutaricacid 

9.65 

8.15 

0.845 

3.025 

2.60 

0.860 

2.960 

2.575 

0.874 

1.65 

1.350 

0.870 

I 

0.876 

0.775 

0.885 

0.880 

Hippuric  add 

19.85 

22.80 

1.15 

8.20 

9.70 

1.18 

4.10 

4.80 

1.17 

Mean 

12.40 

2.75 

1.15 

1.16 

Maleic  add 

3.05 

6.85 

0.525 

7.40 

3.50 

0.473 

32.85 

1.75 

0.454 

1.60 

0.95 

0.380 

Mean 

1.926 

0.4375 

0.454 

0.457 

Malic  add 

11.0626 

2.2875 

0.207 

5.50 

1.10 

0.200 

3.75 

0.675 

0.180 

r 

2.60 

0.475 

0.182 

0.192 

Malonic  add 

14.0 

6.05 

0.433 

6.05 

2.80 

0.462 

3.775 

1.8875 

0.500 

2.4875 

1.05 

0.423 

Mean 

1.20 

0.475 

0.396 

0.443 

Manddic  add 

11.6 

23.0 

1.98 

8.25 

16.45 

1.99 

4.25 

8.65 

2.04 

/ 

2.075 

4.225 

2.04 

2.05 

20.8 

22.2 

1.068 

10 

11.05 

11.15 

1.010 

0.99 
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Co 

Ca 

C»/Co 

» 

Dietbyl  amine-acid- 

12. SO 

1.65 

0.129 

phthalate 

9.975 

1.325 

0.133 

6.65 

1.05 

0.158 

4.15 

0.775 

0.187 

I 

2.0375 

0.450 

0.221 

0.158 

TH-iso-amyl  amine-add- 

7.85 

8.15 

0.783 

phthalate 

6.30 

4.80 

0.762 

4.876 

3.625 

0.744 

3.076 

2.725 

0.886 

Mean 

1.9375 

1.750 

0.905 

0.816 

Di-wo-butyl  amiiie- 

9.65 

4.45 

0.462 

add-phthalate 

7.60 

3.80 

0.50O 

5.85 

3.10 

0.530 

3.95 

2.10 

0.530 

I 

1.90 

1.10 

0.580 

0.60 

Dimetliyl  amine 

27.8 

20.1 

0.723 

10 

(anhydrous) 

15.8 

10.6 

0.672 

0.67 

7.525 

4.775 

0.635 

4.325 

2.425 

0.561 

I 

2.25 

1.125 

0.510 

0.50 

Dimethyl  amine-add- 

14.75 

1.70 

0.115 

phthalate 

10.875 

1.30 

0.119 

7.80 

1.00 

0.128 

5,4875 

0.8125 

0.148 

I 

3.725 

0.6250 

0.168 

0.128 

Dipropyl  amine 

2.75 

10.1 

3.67 

10 

2.276 

8.775 

3.64 

3.75 

2.025 

5.425 

2.69 

1.60 

3.85 

2.40 

1.50 

2.90 

1.93 

1.325 

1.925 

1.45 

I 

0.926 

1.30 

1.40 

1.2 

Dipropyl  amine-acid- 

10.90 

2.45 

0.224 

phthalate 

7.625 

1.825 

0.239 

4.526 

1.35 

0.298 

2.50 

0.8875 

0.335 

I 

1.45 

0.600 

0.413 

0.335 

Ethyl  amine 

8.20 

9.76 

1.19 

10 

4.72 

4.76 

1.01 

1.20 

4.55 

4.66 

1.02 

2.70 

2.25 

0.835 

1.76 

1.26 

0.715 

1.625 

1.25 

0.77 

/ 

1.20 

0.67 

0.558 

0.71 
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Tabls  (Continued) 


C<i 

Ca 

Ca/Co 

D 

6.00 

0.60 

0.100 

0.77 

0.625 

0.105 

3.075 

0.425 

0.136 

2.75 

0.4125 

0.150 

I- 

Thiacetic  add 

9.40 

30.10 

3.20 

0.090 

4.60 

14.30 

3.10 

10 

3.60 

9.40 

2.62 

2.65 

2.36 

6.36 

2.27 

1.56 

3.04 

1.95 

I 

Trichloroacetic  add 

1.70 

20.90 

12.30 

1.45 

1.25 

7.70 

6.17 

10 

1.075 

5.40 

5.02 

7.55 

0.7625 

2.8375 

3.72 

0.60O 

1.50 

2.50 

/ 

Triethyl  amme 

3.20 

25.80 

8.06 

1.95 

2.25 

13.20 

5.87 

10 

1.65 

6.35 

3.85 

4.9 

1.175 

2.875 

2.44 

0.865 

1.470 

1.70 

I 

Triethyl  amine-add- 

12.775 

2.70 

0.2115 

1.40 

phthalate 

9.35 

2.0O 

0.214 

5.60 

1.45 

0.259 

4.075 

1.10 

0.270 

1 

2.35 

0.70 

0.398 

0.270 

Trimethyl  amine-add- 

13.55 

1.95 

0.144 

phthalate 

10.35 

1.50 

0.145 

5.65 

0.90 

0.159 

I 

4.20 

0.70 

0.167 

0.157 

Tripropyl  amine-acid- 

6. SO 

4.25 

0.625 

phthalale 

4.45 

3.125 

0.702 

2.55 

2.125 

0.843 

I 

1.375 

1.400 

1.020 

I.IS 

ijo- Valeric  add 

0.500 

23.00 

46.0 

0.300 

10.30 

34.4 

0.1375 

5.15 

37.4 

Mean 

0.1123 

4.75 

42.3 

40.0 

School  of  Hygiene  and  Public  Heatlk 
Dept.  o]  Physiology,  Baltimore,  Md. 
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THE  NATURE  OF  SECONDARY  VALENCE 


BY  HQMBR  W.  SMITH 

PART  V.    PARTITION  COEFFICIENTS  IN  SYSTEMS 
CONTAINING  WATER  AS  ONE  COMPONENT  WITH 
SPECIAL  REFERENCE  TO  THE  ABSOLUTE  VALUES 
OF  THE  SERIES  CONSTANTS 

1.    Introtfuotlon 

We  have  thus  far  considered  t^e  behavior  of  various 
solutes  in  the  systems: 

Water :  xylene 
Water :  chloroform 
Water :  ether 
Glycerine :  acetone 

By  appljdng  the  equation : 

Log  lOOf  «V«/60.00*a 

we  have  derived  values  for  a  which  we  have  arbitrarily  called 
series  constants.    The  antilogs  of  these  series  constants  for 

various  solutes  in  each  system  have  been  shown  to  be  related 
to  each  other  by  simple  proportion.  The  series  constants 
of  the  various  systems  containing  water  also  appear  to  be 
similarly  related.  That  is,  if  we  denote  the  series  constant 
for  any  given  series  in  xylene  by  a„  ether  a,,  chloroform  a^, 
then: 

Acids  Amines 

a,  =  a,+  log  15.00  a,+  log  1.50  +  0.58840 

a,^a,+  log    5.00  a,+  log  5.0    +0.58840 

In  view  of  the  simple  proportion  existing  between  these 
three  systems,  it  seemed  important  to  extend  the  investi- 
gation to  a  larger  number  of  solvents,  to  see  if  this  rule  of 
simple  proportionality  is  universally  true. 

It  has  been  said  that  the  behavior  of  a  given  solute  in 
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two  phase  systems  such  as  these  is  determined  not  only  by  the 
nature  of  the  solute,  but  by  the  nature  of  the  solvents,  as  well. 
Nearly  all  the  acids,  and  a  few  of  the  amines,  have  been  ob- 
served to  change  their  relative  behavior  (or  series  number) 
in  various  systems.  This  uncertainty  about  the  series  number 
of  a  given  solute  in  any  system  makes  it  essential  to  determine 
the  partition  coefficients  for  several  solutes  before  the  series 
constants  for  a  given  system  can  be  safely  evaluated.  But 
when  several  series  are  represented  in  the  experimental  data, 
the  series  constants  for  any  system  can  be  determined  with 
certainty  because  there  are  a  limited  number  of  series  and 
they  can  be  identified  by  their  numerical  inter-relationships. 
Consequently  the  literature  was  carefully  searched  for 
material  which  would  aid  in  obtaining  the  series  constants 
for  various  solvents  when  used  with  water,  other  than  the 
three  already  discussed  (xylene,  chloroform  and  ether). 
Such  data  as  are  available,  together  with  some  original  data, 
are  given  in  this  paper. 

2.    The  Corrected  Series  Constants 

Before  entering  into  the  discussion  of  these  other  systems, 
it  is  necessary  to  point  out  that  the  series  constants  for 
the  systems  already  discussed  have  been  modified,  in  the 
light  of  subsequent  information,  with  a  view  to  increased 
accuracy. 

In  correcting  them,  I  have  been  guided  by  several  more 
or  less  obvious,  but  nevertheless  assumptive,  relationships. 
In  the  first  place,  the  series  constants  for  the  amines  appear 
to  differ  from  the  series  constants  of  the  acids  by  a  constant 
amount  (viz.,  0.58840).  This  fact  has  not  been  previously 
mentioned  and  will  be  discussed  later  on.  Secondly,  in  IxHh 
xylene  and  ether,  one  amine  series  appears  to  extrapolate  to  a 
unit  value  at  V,„  =  0  fviz.,  for  Series  .0  in  xylene  and  .4  in 
ether,  a=  =fc0.fXXX)0).  Thirdly,  the  series  constants  of  the 
acids  in  the  cases  of  xylene,  chloroform  and  ether,  as  I  have 
already  pointed  out,  are  apparently  related  to  each  other  by 
pure  integrals  (viz.,  log  1.0  :  log  5.0  :  log  15.0j. 
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I  have  assumed  that  these  relationships  actuaify  did 
eadst.  Thus  it  has  been  possible  to  correlate  the  values  de^ 
rived  in  all  three  systems,  and  to  evaluate  the  series  constants 
•with  much  greater  accuracy.  If  these  assumptions  are  correct; 
and  if  the  snnple  numerical  relationships  exist  between  the 
various  series  in  any  sjrstem  as  we  supposci  it  is  evident  that 
the  series  constants  for  the  int^;ral  series,  at  least,  can  be 
directly  evaluated  with  ultimate  accuracy  to  any  d^rree. 

*  The  series  constants  in  the  system  water  :  xylene,  as 
originally  given,««were  derived  from  the  experimental  data 
by  a  cut-and-try  process,  since  here  there  is  no  series  wfaldi 
on  extrapolation  approximates  any  unit  value  at  V«  »  0; 
the  constant  difference  law  between  the  adds  and  amines  was 
not  at  that  time  recognized.  Consequently  it  occasioned 
some  surprise  when,  on  reworking  the  data,  I  found  that  these 
values  were  fairly  accurate  to  the  fourth  decimal  place. 

That  the  foregoing  assumptions,  by  which  I  have  been 
guided  in  revising  the  series  constants,  are  correct  is  borne 
out  by  the  study  of  other  solvents  presented  in  this 
paper. 

In  theory,  since  all  series  in  any  system,  and  since  all 
systems  as  well,  are  related  to  each  other  by  simple  proportion 
it  is  only  necessary  to  know  one  series  constant  to  obtain  the 
series  constant  for  any  series  in  any  system.  But  for  the 
sake  of  clarity,  I  have  chosen  the  series  constants  for  the  sys- 
tem water  :  xylene  for  presentation.  One  might  suppose  that 
an  infinite  number  of  series  could  exist;  but  the  evidence  in- 
dicates that  the  number  of  series  in  each  system  is  limited. 
It  is  impossible  to  be  sure  about  this  at  the  present  time,  but 
since  some  method  of  numbering  the  various  series  is  necessary, 
a  purely  arbitrary  designation  has  been  adopted.  They  have 
already  been  numbered  by  integers  from  1  to  10;  that  series 
having  the  highest  value  of  a  in  any  system  has  now  been 
designated  with  an  integer,  and  the  succeeding  series  by  deci- 
mation. This  aids  in  their  indentification  since  they  repeat 
themselves  after  every  decrease  of  ten  times  in  the  partition 
coefficient.     I  have  chosen  Series  4  as  a  beginning  in  the 
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following  table  because  it  is  the  highest  one  so  far  observed 
among  the  acids  or  amines.^ 

In  resume,  it  may  be  said  that  these  series  comprise 
the  recognized  possible  values  of  P;  the  partition  coeflScients 
in  several  series  are  in  the  same  proportion  to  each  other  as 
either  the  respective  series  numbers,  or  the  antilogs  of  the 
respective  series  constants,  a. 

Table  I 

The  Corrected  Series  Constants  for  the 
Acids  in  the  System  Water  :  Xylene 


Series  number 

a 

Series  number 

a 

4. 

+0.23551 

.4 

—0.76449 

3. 

+0.11057 

.3 

—0.88943 

2. 

—0.06552 

.2 

—1.06552 

1.414 

—0.21610 

.1414 

—1.21610 

1. 

—0.36655 

.1 

—1 .  36655 

.8 

—0.46346 

.08 

—1 .  46346 

.7 

—0.52145 

.07 

—1.52145 

.6 

—0.58840 

.006 

—2.58840 

.5 

—0.66758 

.005 

—2.66758 

etc. 


8. 


The   Series  Constants   of  Various   Systems   in   which 

Water  is  One  Component 

Instead  of  tabulating  the  data  as  actually  found,  I  have 
presented  the  '*pure"  or  theoretical  values  indicated,  and 
then  calculated  the  values  of  9  on  the  basis  of  these  ''pure'* 
values.  Thus  I  have  ascertained  that  the  series  constant 
for  toluene  is  a^  +  log  0.0000  (still  an  assumption,  of  course) 
and  used  this  "pure"  relationship  in  calculating  the  desired 
values  of  p.  This  enables  us  to  avoid  in  discussion  the  errors 
arising  in  the  experimental  work,  and  presents  the  data  in  a 
final  form.  The  degree  of  agreement  between  f  obs.  and 
9  calc.  indicates  the  degree  to  which  the  assumption  of  simple 

^  In  comparing  two  systems  in  this  manner  we  have  each  series  character- 
ized; there  will  be  a  Series  1.0  in  each  system,  a  Series  .1,  etc  That  these  series 
are  chemically  identical,  or  rather  chemically  related,  is  evident  from  the  facts 
that  one  comp>ound  (such  as  diethylamine)  will  appear  in  the  same  series  in  all 
systems,  and  that  the  various  systems  are  related,  through  any  one  series,  by 
simple  proportion. 
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proportionality  is  borne  out.  The  figures  given  under  the 
caption  C2  show  the  concentration  in  the  second  solvent  to 
which  interpolation  is  made  to  obtain  p. 

Table  II 
Water :  Toluene 
Acids,     a/ =ax=*=  0.00000 


Series 
number 

a 

Vm 

c. 

9  obs. 

9  calc. 

14.14 

+0.78:390 

Phenol 

101.9 

1000.0 

2.75^ 

3 .  03 

.8 

—0.46346 

Chloroacetic  acid 

78.0 

1000.0 

0.07» 

0.069 

.6 

—0.58840 

5ec-Butyric  acid 

107.3 

1.0 

0.16 

0.1585 

.3 

—0.88943 

Chloroacetic  acid 

78.0 

100.0 

0.028^ 

0-0257 

.2 

—1 .  06552 

Acetic  acid 

64.0 

1.0 

O.OIOP 

0.010 

Scries 
number 


Amines,     a/  =  a^  +  0 .  58840 


4.0 

+0.82391 

Pyridine 

89 . 5 

100.0 

2.06* 

2.07 

1.0 

fO.  22185 

Trimethylamiiic 

S8 . 0 

100. 0 

0.43' 

().4SS 

Table  III 

Water  :  Benzene 

Acids.     ah  =  ax-\-  log  1 .  25 


1 .  582 


■\ 
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Amines,    ai,  =  ax  +  log  1 .25  +  0 .  58840 


4.0 

+0.92082 

Pyridine 

89.5 

100.0 

2.6^ 

2.565 

.8 

+0.22185 

Trimethylamine 

88.0 

100.0 

0.50^ 

0.488 

.4 

—0.07918 

Diethylamine 

109.3 

■     1.0 

0.560 

0 .  553 

Table  IV 

Water :  Carbon  Tetrachloride 
Acids,     act  =  a^  +  log  1.414 


Amines,    a^  =  a,  +  log  1 .414  +  0 .  58840 


Series 
number 

a 

V«, 

C2 

9  obs. 

9  calc. 

8. 

+0.68705 

Phenol 

101.9 

1000.0 

2.45» 

2.429 

5. 

+0.48293 

Acetone 

76.6 

1000.0 

0.61 

0.575 

4.0 

+0.38602 

Acetone 

76.6 

100.0 

0.450^ 

0.460 

1.414 

—0.06559 

Acetic  acid 

64.0 

1000.0 

0.10^ 

0.100 

.5 

—0.51707 

Acetic  acid 

64.0 

100.0 

0.0365^ 

0.0354 

Chloroacetic  acid 

78.0 

1000.0 

0.06^ 

0.0606 

.3 

—0.73892 

5^c-Butyric  acid 

107.3 

1.0 

0.104 

0.112 

.1 

—1.21604 

Chloroacetic  acid 

78.0 

100.0 

1  0.0115* 

0.0121 

.4 

—0 .  02558 

Diethylamine 

109.3 

1.0 

0.615 

0.625 

.007 

—1 .  78254 

Ammonia 

26.9 

10.0 

0.0047 

0.0046 

Nearly  nine-tenths  of  the  data  incorporated  in  the  fore- 
going tables  have  been  obtained  from  the  literature.  More- 
over everything  available  that  could  possibly  be  utilized  has 
been  used.  It  is  indeed  remarkable  that  such  satisfactory 
agreement  should  be  secured  from  the  experimental  work  of 
^so  many  investigators. 
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Tablb  V 
Water  tAmyl  Alcohol 

Adds.     Oa'^Om  +  log  5.00 


Series 
nninber 

a 

v.. 

Ci 

yobs. 

9cak. 

14.14 

+1.48287 

Phenol 

101.9 

100.0 

16.7 

15.18 

4.0 

+1.93448 

Acetic  add 

64.0 

1000.0 

0.921 

1.00 

.5 

+1.03149 

• 

Picric  add 

172.0 

10.0 

7.4 

7.91 

.4 

+0.93448 

Picric  add 

100.0 

6.7 

6.325 

.1 

+0.33242 

Oxalic  add 

75.6 

100.0 

0.40 

0.422 

.08 

+0.23651 

Oxalic  add 

10.0 

0.295 

0.313 

.03 

-0.19046 

Succinic  add 

120.0 

100.0 
1 

0.675 

0.6324 

AmiHts.    Oa  > 

-a«+ log  5.00 +  0.58840 

1.0 

+0.92082 

Triethylamine 

152.6 

100.0 

26.0 

29.1 

.8 

+0.82391 

Methylamine 

43.0 

100.0 

0.335 

0.347 

.6 

+0.69897 

Ammonia 

26.9 

100.0 

0.146 

0.140 

.4 

+0.52288 

Diethylamine 

109.3 

1.0 

2.22 

2.21 

The  primary  motive  in  presenting  these  data  is  to  show 
that  a  simple  proportion  exists  between  solvents,  as  well  as 
between  solutes.  That  all  the  proportions  are  not  simple, 
or  integral,  is  not  a  matter  to  concern  us  greatly  at  the  present 
time.  It  may  be  remarked  that  they  have  been  determined 
with  suflScient  accuracy  to  warrant  careful  consideration. 
Consider,  for  example,  carbon  tetrachloride;  here, 

a^^a^  +  log    1.414 

With  the  exception  of  two  instances,  the  data  given 
for  this  system  were  determined  by  Herz  and  Lewy.  The 
mean  algebraic  variation  between  the  observed  and  calculated 
values  is     +0.013.     The  maximum    variation    is     +0.075 
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in  the  case  of  diethylamine,  one  of  my  own  determinations. 
The  existence  of  series  corresponding  to  1.414  has  already  been 
discussed  and  it  was  pointed  out  that  this  value  was  chosen 
because  it  is  the  square-root  of  two.^ 

Table  VI 

Water  :  Bromoform 
Acids,    abr = a,  +  log  5.0 


Series 
number 

a 

v„ 

C, 

9  obs. 

9  calc. 

4.0 

+0.93448 

Phenol 

101.9 

1000.0 

4.3« 

4.294 

.6 

+0.11057 

Acetic  acid 

04.0 

1000.0 

0.148* 

0.1502 

.2 

—0.36655 

Chloroacetic  acid 

78.0 

1000.0 

0.094* 

0.108 

.1 

—0.66758 

Picric  acid 

172.0 

100.0 

1.6* 

1.582 

Amines,    a^r  =  a*  +  log  5.0  +  0 .  58840 


.01414 


—0.92873 


Ammonia 


26.9 


100.0 


0.0292 


0.033 


4.    The  Use  of  Diethylamine  in  Determining^  the  Series 

Constants  in  Various  Systems 

If  we  could  be  sure  that  a  given  compound  would  never 
shift  from  one  series  to  another,  it  would  only  be  necessary  to 
study  that  one  compound  in  order  to  obtain  the  series  constants 
for  any  system. 

It  was  noticed,  however,  in  the  first  three  water-containing 
systems  studied  that  the  acids  were  likely  to  occur  in  different 
series  in  each  system.  The  amines  nearly  always  appeared 
in  the  same  series  in  every  system.  This  regular  behavior 
of  the  amines  persists  in  the  systems  studied  above,  though 
there  are  exceptions. 

Diethylamine  is  one  compound  which  has  always  appeared 

»  Jour.  Phys.  Chem.,  25,  611  (1921). 

2  For  the  derivation  of  these  values  see  Section  I  of  Part  II  of  this  series. 
Jour.  Phys.  Chem.,  25,  204  (1921).  For  all  other  values  see  the  following  experi- 
mental section. 
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in  the  same  series  (i.  e.,  Series  .4)  and  for  this  reason  it  has 
been  studied  in  a  number  of  systems  where  only  a  small  quan* 
tity  ci  the  organic  solvent  was  available  or  where  time  pro- 
hibited extensive  woric.  The  results  are  listed  below.  It 
cannot  be  said  definitely  that  diethylamine  has  not  changed 
its  series  number  in  any  of  these  systems,  but  &om  its  previoos 
behavior  I  believe  thb  to  be  unlikely.  On  this  assumption 
we  then  have  this  simfde  relationship  between  xyl^ie  and 
the  unevaluated  solvent,  r:   . 

AntUog  Or       ^ 

Antilog  a^       P, 

That  is,  the  series  constants  of  the  two  sjrstems  bear  the  same 
proportion  as  do  the  partition  coefficients  of  diethylamine. 
Of  course  9  must  be  obtained  from  equal  values  oi  Q  •  These 
data  are  aU  based  upon  determinations  of  P  vrhea  Ct  is  1 

m/h. 

Tablb  VII 

The  Behavior  of  Diethylamine  in  Various  Systems 


Paraffin  OU 
Petroleum  (C9-) 
Trichlorobenzene 
wo-Amylphenyl  ether 
Bromobenzene 
^-Dichlorobenzene 
n-Butylbromide 
n-Butyl  ether 
Ethylene  chloride 
sec-Octyl  alcohol 
n-Butyl  alcohol 
t50-Butyl  alcohol 

We  now  have  the  series  constants  for  twenty  systems 
containing  water.  Eight  of  these  have  been  determined  from 
data  based  on  several  solutes  (these  are  marked  with  an  asterisk 
in  the  following  table).  The  remaining  twelve  are  based  on 
diethylamine  alone. 

» p.  =  0.442 


PrlC,  =  lf«/Ll 

Observed  ratio' 

Pr/Px 

Pure  ratio 

Pr/Px 

0.185 

0.419 

.4? 

0.277 

0.627 

.625? 

0.333 

0.754 

.75 

0.435 

0.985 

1.00 

0.556 

1.26 

1.25 

0.650 

1.47 

1.50 

0.65 

1.47 

1.50 

0.65 

1.47 

1.50 

0.884 

2.00 

2.00 

1.11 

2.52 

2.50 

2.20 

4.98 

5.00 

2.20 

4.98 

5.00 

Nature  of  Secondary  Valence 

Table  VIII 
Summary  of  Series  Constants 


265 


Water  and 

a  (Adds) 

a  (Amines) 

Paraffin  Oil 

Petroleum 

Trichlorobenzene 

Xylene* 

i50-Amylphenyl  ether 

Toluene* 

Benzene* 

Bromobenzene* 

Carbon  tetrachloride* 

Dichlorobenzene 

n-Butylbromide 

n-Butyl  ether 

Ether^* 

Ethylene  chloride 
5^c-6ctyl  alcohol 
n-Butyi  alcohol 
isO'Butyl  alcohol 
Amyl  alcohol* 
Chloroform* 
Bromoform* 

a.+ log  0.40 
0.+ log  0.625 
0.+ log  0.75 
given  as  a, 
a,+ log  0.00 
a.+ log  0.00 
a,+  log  1.25 
a,+  log  1.25 
a.+ log  1.414 
a,+  log  1.50 
a.+  log  1.50 
a,+ log  1.50 

a.+  log  15.00 
a,+ log  2.00 
a.+ log  2.50 
a.+ log  5.00 
a.+ log  5.00 
a.+ log  5.00 
a.+  log  5.00 
a,+ log  5.00 

+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 

+1 .  58^0 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 
+0.58840 

Glycerine :  acetone 

a. +  1.66758 

=fcO. 00000 

5.    The  Behavior  of  Acids  and  Amines 

A  very  interesting  point  brought  out  in  the  above  table 
is  the  fact  that  the  series  constants  of  the  amines  and  the  acids 
differ  by  a  constant  amount  (+0.58840)  in  those  systems  which 
contain  water,  while  there  is  no  difference  in  the  system  glycer- 
ine :  acetone. 

I  was  led  to  wonder  while  preparing  the  data  on  xylene 
and  chloroform  why  the  amines  should  behave  differently, 
so  far  as  the  absolute  values  of  {he  series  constants  are  con- 
cerned, from  the  acids;  it  now  appears  that  this  difference  is 

*  Note  that  the  anomaly  in  the  system  water  :  ether  appears  to  rest  with 
the  acids,  the  series  constants  of  which  are  ten  times  as  great  as  the  series  con- 
stants of  the  amines.  In  so  far  as  the  amines  are  concerned,  this  system  (a»+ 
log  1.50)  falls  into  a  position  relative  to  the  other  systems  which  is  in  agreement 
with  its  general  physical  properties.  This  suggests  that  other  systems  (n-butyl 
ether,  etc.)  might  show  a  similar  discrepancy  if  studied  with  the  adds  as  well  as 
the  amines,  but  at  the  time  of  writing  it  has  been  impossible  to  cover  these  points. 
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to  be  attributed  to  the  presence  of  water  in  the  system,  for 
the  difference  disappears  in  a  water-free  system.  No  satis- 
factory explanation  of  this  important  relationship  has  occorred 
to  me  as  yet,  but  it  may  be  worth  wldle  to  make  this  commient: 
The  vahie  +0.58840  corresponds  to  an  increase  in  molecular 
volume  of  85.14  units.  This  is  approximately  the  volume  of 
two  mdecuks  (tf  water  at  25""  (18.03  X2»36.06)*  Themolec- 
ular  volumes  of  the  amines  have  been  figured  on  the  basis 
of  unhydrated  molecules;  that  is,  as  RNHs,  etc.,  and  not 
RNHiOH.  In  comparing  the  amines  with  the  adds  there 
is  no  doubt  but  that  this  chemically  combined  molecule  d 
water  should  be  induded  in  the  calculation  erf  the  vcdume. 
But  why  another  molecule  erf  water  should  be  involved 
is  not  so  easily  explaii^,  unless  we  assume  that  all  amJnes 
possess  in  aqueous  solution  one  molecule  erf  water  of  hydratkm. 
Sudi  an  assumption  is  favored  by  a  great  number  of  facts 
indicating  that  the  amines  are  hydrated  to  a  mudi  greater 
extent  than  the  adds  or  other  compounds,  but  that  this  water 
of  hydration  is  constant  in  amount  and  equal  to  one  molecule 
is  not  so  easily  believed. 

Summary 

1.  The  series  constants  for  eight  systems  in  which  water 
is  one  component  have  been  derived  from  data  in  large  part 
quoted  from  the  literature. 

2.  In  each  of  these  systems,  the  series  constants  for  the 
various  solutes  studied  are  related  to  each  other  by  simple 
proportion. 

3.  The  series  constants  for  twelve  systems  in  which  water 
is  one  component  have  been  tentatively  formulated  through 
the  study  of  diethylamine. 

4.  In  all  twenty  of  the  systems  studied,  the  series  con- 
stants for  the  various  systems  are  related  to  each  other  by 
simple  proportion. 

5.  In  every  system  in  which  water  is  one  component, 
the  amines  differ  from  the  adds  in  the  value  of  their  series 
constants  by  a  constant  amotmt. 
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6.  It  is  concluded  that  the  intermolecular  forces  concerned 
in  the  solvent  powers  of  various  molecular  species  differ  in  in- 
tensity by  discrete  and  simply  related  amounts.  The  bearing 
of  the  foregoing  data  on  the  structure  of  the  atom  and  on  the 
quantum  theory  will  be  discussed  in  the  next  communication. 

EXPERIMBNTAL 

Ci  :  Concentration  in  Water  Layer. 
Cj  :  Concentration  in  Other  Layer. 

The  figures  given  in  the  last  column  show  the  concentration  of 
Cs  to  whidi  interpolation  for  9  is  made.  All  concentrations  in 
millimols  per  Uter. 


Ci 

Ct 

C,/Q 

9 

Amyl  alcohol 

Acetic  acid      20° 

1326.0 

1208.0 

0.911 

H.  and  F. 

1024.5 

948.1 

0.925 

794.4 

729.6 

0.918 

351.5 

330.4 

0.941 

1000 

88.88 

80.34 

0.909 

0.921 

Ammonia        20° 

1970.0 

287.4 

0.146 

H.  and  F. 

1016.5 

154.9 

0.151 

579.5 

84.22 

0.145 

364.06 

54.55 

0.149 

240.83 

34.61 

0.144 

100 

89.17 

12.24 

0.137 

0.146 

Diethylamine  25" 

4.95 

20.00 

4.04 

S 

2.875 

10.625 

3.70 

1.675 

5.450 

3.26 

1.05 

2.9625 

2.82 

I 

0.65 

0.625 

2.52 

2.22 

Methylamine  25° 

1061 . 3 

397.4 

0.374 

H. and  F. 

812.6 

298.1 

0.367 

642.9 

231.5 

0.360 

505.4 

175.9 

0.348 

303 . 6 

.107.0 

0.352 

700 

115.5 

38.04 

0.330 

0.335 

Oxalic  acid      20° 

1002.9 

430.0 

0.47 

H.  and  F. 

827.9 

340.0 

0.47 

669  ..9 

255.0 

0.43 

100 

459.9 

171.7 

0.43 

0.40 

236.4 

72.33 

0.38 

* 

127.5 

32.73 

0.34 

10 

68.06 

14.51 

0.31 

0.295 

Phenol            25° 

390.0 

5630.0 

14.4 

H.  and  F. 

383.0 

5410.0 

14.1 

288 
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ExPSiaMDQNTAK,  {Continued^ 


Cx 

c. 

cvc 

» 

16.0 

260.0 

16.2 

7.0 

110.0 

15.7 

100 

4.7 

75.0 

16.0 

16.7 

Picric  acid      25** 

64.23 

254.9 

6.50 

H.aiidP* 

44.71 

163.8 

6.65 

31.61 

107.9 

6.90 

100 

18.60 

51.82 

6.82 

6.7 

9.208 

18.50 

7.10 

10 

5.531 

9.296 

H).07 

7.4 

Sttcdnicadd  20° 

1155.5 

711.9 

0.616 

£LaQdP. 

809.9 

519.95 

0.642 

404.95 

271.47 

0.670 

103.73 

70.77 

0.682 

100 

26.84 

18.80 

0.703 

0.(J75 

Triethylamine  25° 

27.74 

741.8 

26.0 

H.  and  P. 

16.64 

440.8 

26.5 

JOO 

8.75 

227.3 

26.0 

26.0 

iso-Amyif^unyl  ether 

Dietbylamine  25° 

9.50 

3.90 

0.411 

S- 

5.775 

2.55 

0.442 

3.30 

1.35 

0.410 

I 

1.86 

0.815 

0.440 

0.435 

Benzene 

Acetone            250 

2216.7 

2394.7 

1.080 

H.  and  F. 

1936 . 7 

2071.7 

1.070 

1208.3 

1204.5 

0.997 

918.5 

896.7 

0.976 

608.9 

575.7 

0.945 

1000 

220.0 

206.5 

0.938 

0.980 

Benzoic  acid     25  <> 

4.00 

19.75 

4.93 

S. 

2.80 

11.90 

4.25 

■ 

1 .  725 

5.50 

3.19 

10 

1.300 

3.45 

2.57 

4.20 

0.925 

1.95 

2.11 

/ 

0.8725 

1.525 

1.75 

1.45 

sec-Butyric  acid  25  ° 

18.90 

5.0 

0.264 

S. 

9.60 

2.20 

0.230 

3.75 

0.7125 

0.190 

/ 

2.55 

0.410 

0.170 

0.202 

Dietbylamine    25 » 

22.30 

18.30 

0.822 

S. 

11.95 

9.05 

0.756 

6.575 

4.35 

0.662 

3 .  875 

2.475 

0.638 

T 

2.1375 

1.2375 

0.578 

0.560 

Picric  acid 

26.09 

94.01 

3.60 

K. 
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Experimental  (Continued) 


20.80 

77.90 

3.74 

100 

18.82 

61.84 

3.28 

4.0 

13.20 

35.90 

2.72 

10 

9.73 

19.77 

2.03 

1.5 

Broffiobenzene 

Diethylamine      25° 

7.15 

4.05 

0.567 

S. 

3 .  825 

2 .  075 

0.542 

3.40 

1.70 

0.50 

2.1875 

1 . 1375 

0.520 

2 . 0875 

1 .  225 

0.587 

1.4()25 

0.8875 

0.607 

(mean) 

1.100 

0.625 

0.5680 

0.556 

Broifioform 

Ammonia             25° 

8530.0 

417.0 

0.0489 

H. and  L. 

8050.0 

362.0 

0.0449 

0300.0 

235.0 

0.0370 

4180.0 

131.0 

0.0132 

100 

2590.0 

70.0 

0.0272 

0.0292 

n 'Butyl  alcohol 

Diethylamine      25° 

2 .  50 

6.8 

2.72 

S. 

1 .  35 

3.175 

2 .  35 

0.075 

1 .  ;340 

2.30 

I 

0 .  275 

0 .  575 

2.09 

2.2 

isO'Butyl  alcohol 

Diethylamine      25° 

1 . 0875 

2.6125 

2.4 

S. 

0 .  050 

1.500 

2.3 

0.550 

1 .  225 

2.22 

I 

0.300 

0 .  625 

2.08 

2.20 

n- Butyl  bromide 

Diethylamine      25° 

G.CK) 

4.00 

0.606 

S. 

3 .  475 

2.20 

0.633 

2.10 

1 . 3375 

0.637^ 

1.10 

0.725 

0.660 

0.65 

n-Butyl  ether 

Diethylamine      25° 

7.75 

4.55 

0.587 

S. 

4 .  05 

2.45 

0 .  605 

2.1025 

1 .  375 

0 .  632 

I 

0 .  925 

0.625 

0.676 

0.65 

Carbon  tetrachloride 

Acetone               25° 

2870 . 0 

2100.0 

0 .  733 

H. and  L. 

1660.0 

997.0 

0.601 

7000 

1010.0 

514.0 

0.511 

0.61 

322 . 0 

146.0 

0.454 

100 

186.0 

83 . 3 

0.449 

0.45 

Ammonia            25° 

8590.0 

/  3 .  .> 

0 . 00856 

H.  and  L. 

()8G().0 

46.4 

0 . 00676 
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ExPHRiMENTAi,  (Conlinued) 


— 

Ci 

c. 

C./C, 

> 

5700.0 

35.7 

0.00626 

2350.0 

11.8 

0.00502 

w 

1730.0 

7.8- 

0.00466 

0.0O»7 

4«r-Butyric  add  25° 

17.60 

2.70 

0.154 

S. 

13.80 

1.725 

0.125 

9.25 

1.05 

0.1135 

7.10 

0.695 

0.0838 

/ 

4.775 

0.305 

0.0639 

0.104 

Ciethytamine     26° 

7.80 

7.00 

0.897 

S. 

6.075 

4.00 

0.788 

2.62S 

1.9375 

0.700 

/ 

1.425 

0.860 

0.697 

0.6U 

a-Dichiorobewem 

11.70 

7.15 

0.61 

s. 

8.60 

3.30 

0.60 

3.175 

2.326 

0.732 

1.55 

1.075 

0.693 

(mean) 

1.476 

0.95 

0.643 

0.660 

Diethylamine     25° 

4.475 

4.076 

0.910 

S. 

2.15 

1.925 

0.886 

1.1876 

1.05 

0.886 

/ 

0.96 

0.836 

0.880 

0  884 

sec-Octyl  alcohol 

Diethylamine      25° 

2.10 

2.50 

1.19 

S. 

1.75 

2.01 

1.16 

1.05 

1.20 

1.14 

/ 

0.475 

0.50 

1.05 

1.11 

PoroiCn  oil 

Diethylamine      25° 

16.10 

3.00 

0.186 

s. 

8.80 

1.50 

0.170 

8.70 

1.40 

0.161 

5.25 

1.025 

0.192 

3.35 

0.650 

0.194 

3.30 

0.650 

0.19.55 

3.20 

0.575 

O.ISO 

(mean) 

1.475 

0.300 

0.204 

0.186 

PelTolcum  (B.  P.  145° 

-155"  (Nonane)) 

Diethylamine      25° 

11.35 

3.25 

0.2S7 

a 

7.25 

2.05 

0.283 

4.825 

1.425 

0.295 

4.50 

1.30 

0,289 

4.175 

1.275 

0.3a5 

2.7125 

0.850 

0.313 
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Experimental  (Continued) 


1 . 9725 

0.450 

0.228 

(mean) 

1 . 6375 

0.3625 

0.222 

0.277 

Toluene 

s^c-Butyric  acid  25° 

15.70 

5.50 

0.350 

S. 

8.90 

1.65 

0.185 

3 .  60 

0.50 

0.139 

/ 

1.975 

0.2025 

0.1025 

0.160 

1 ,3,4'Trichlorobenzene 

Diethylamine      25° 

9 .  45 

4.05 

0.43 

S. 

4 .  95 

1 .  925 

0.403 

3 .  325 

1.125 

0.346 

I 

1 . 4375 

0.4125 

0.287 

0.333 

H.  and  F.— Herz  and  Fischer:  Ber.  deutsch.  chem.  Ges.,  37,  4746  (1909); 
38,  1138  (1905). 

H.  and  L.— Herz  and  I^wy:  Zeit.  Elektrochemie,  11,  818  (1905);  Sit- 
zungsber.  schles.  Ges.  vaterlandische  Kultur.  Natur-Wissenschaftl.  Sektion,  1906. 
Most  of  these  data  are  also  given  by  Herz;  Sammlung  Chemischer  und  chemisch- 
technischer  Vortrage,  15,  1   (1910-11). 

K.— Kuriloff:  Zeit.  phys.  Chem.,  25,  418  (1898). 
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Part  I       Preliminary  Communication,  Jour.  Phys.  Chem.,  25, 160  (1921). 

Part  II     Systems   water:    xylene   and   water: 

chloroform.  Ibid.,  25,  204  (1921). 

Part  III    System  water:  ether,  Ibid.,  25,  605  (1921). 

Supplementary  note  on  extrapolation 

method  of  correction.  Ibid.,  25,  616  (1921). 

Part  IV    System  glycerine:  acetone.  Ibid.,  25,  721  (1921). 

Part  V      Systems  containing  water  and  paraffin 

oil;    petroleum;    tri-chlorobenzene; 

iso-SLxnyl    phenyl    ether;     toluene; 

benzene;     bromo-benzene;    carbon 

tetrachloride;   dichlorobenzene;   n- 

butyl  bromide;  n-butyl  ether; ethyl- 
ene chloride;    sec-octyl  alcohol;  n- 

butyl    alcohol;    iso-hutyl    alcohol; 

amyl  alcohol  and  bromoform.  Ibid.,  26,  256  (1922). 

VL  Summary  and  Discussion 

I.  Summary 

This  investigation  was  prompted  by  the  desire  to  ascer- 
tain something  of  the  nature  of  the  forces  involved  in  liquid 
solutions.  To  this  end  the  distribution  of  various  organic 
solutes  between  immiscible  solvents  was  chosen  as  the  most 
promising  and  direct  experimental  procedure.  In  all,  about 
twelve  hundred  final  determinations  have  been  presented, 
involving  twenty-one  systems  each  consisting  of  two  immis- 
cible liquids. 

These  results  as  they  stand  are  not  comparable  with  one 
another  because  of  the  complications  introduced  by  dissociation, 
association  and  the  mutual  solubility  of  solvents.  It  has 
been  shown,  however,  that  these  complications  can  be  elimi- 
nated in  part  by  an  empirical  method  of  correction,  and  the 
partition  coefficients  so  obtained  put  on  a  mathematically 
comparable  basis,  even  though  their  physical-chemical  signif- 
icance is  still  obscure.      This  method  of  correction  consists 
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in  determiimig  by  interpolatioii  the  partition  coefficient  idien 
the  concentration  in  one  solvent  has  a  fixed  arbitrary  vahie. 
The  interpretation  of  the  results  obtained  by  means  of  this 
method  of  correction  is  independent  of  the  arbitrary  vahie 
^osen  for  interpolation. 

I  The  principal  points  established  by  a  consideration  of 
the  eicperiniental  data  are  as  follows: 

When  the  partition  coefficients  of  various  substances 
for  any  one  system  are  compared  on  a  basis  of  molecular 
volume,  it  is  found  that  they  may  be  covered  by  the  equation 

Log  100  f  -  ^^=_  *a 

60.00 

where  V|.  is  the  molecular  volume  at  the  boiling  point. 

A  limited  number  of  values  of  a  are  required  to  cover 
the  behavior  of  aU  substances  in  any  one  system.  (All  sab- 
stances  covered  by  the  same  value  of  a  in  any  one  system  have 
been  called  a  "series/'  and  the  corresponding  values  of  a  the 
"series  constants.") 

The  various  values  of  a  (or  series  constants)  in  any  one 
system  have  been  found  to  be  related  to  each  other  by  simple 
proportion. 

It  has  also  been  found  that  the  series  constants  for  any 
one  series  in  twenty  systems  containing  a  common  solvent 
(water)  are  related  to  each  other  by  simple  proportion. 

The  above  facts  are  interpreted  as  indicating  that  solu- 
bility is  a  function  of  the  molecular  volume  of  the  solute.  It 
is  believed  that  the  stepwise  phenomena  of  series,  as  shown 
by  the  integrally  related  values  of  a  in  the  above  equation, 
are  attributable  to  discrete  or  abrupt  variations  in  the  in- 
tensity of  the  intermolecular  forces  associated  with  various 
molecular  species. 

2.    Homogeneity  and  Three-Dimensional  Symmetry 

Before  discussing  the  fundamental  significance  of  these 
results,  it  will  be  necessary  to  consider  again  certain  points, 
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already  discussed  in  Part  I,  disclosed  by  molecular  volume 
relations.  It  has  been  said  that  the  experimental  facts  re- 
lating to  the  molecular  volumes  of  liquid  chemical  compounds 
indicate  that  every  atom  contributes  a  definite  volume  to 
the  molecular  volume.  Some  atoms  vary  in  their  atomic 
volumes  as  a  result  of  constitutive  influences  (that  is,  inter- 
actions attributable  to  the  chemical  arrangement  of  the  atoms 
in  the  molecule)  but  these  constitutive  variations  in  atomic 
volume  are  well  defined  and  are  related  in  no  way  to  what  we 
may  conceive  as  spatial  configuration.  A  consideration  of 
molecular  volume  relations  shows  that  the  configurations 
suggested  in  structural  formulae  indicate  only  the  chemical 
properties  of  the  constituent  atoms  in  the  molecule,  and  in 
no  way  define  the  actual  spatial  relationships  of  the  various 
parts  or  of  the  whole.  The  molecular  volume  is  the  simple 
sum  of  the  volumes  of  the  constituent  atoms,  and  there  is  no 
additional  space  which  can  be  attributed  to  interatomic  or 
intermolecular  crevices  resulting  from  fixed  spatial  configura- 
tions as  suggested  by  these  formulae.  To  repeat  the  example 
previously  used,  there  is  no  hole  inside  the  benzene  molecule 
or  cracks  or  crevices  between  the  atoms,  as  there  would  surely 
be  if  the  molecule  consisted  of  rigid  spheres  of  carbon  with 
smaller  rigid  spheres  of  hydrogen  tacked  on  at  various  places. 
The  principle  of  the  perfect  sum  implies  that  the  six  carbons, 
and  their  attendant  hydrogens  make  up  a  domain  which  has 
the  same  shape,  in  the  electro-dynamic  sense,  as  has  each  of 
the  components,  much  as  though  we  had  put  several  little 
spheres  together  to  make  one  big  sphere. 

We  have  seen  in  the  data  presented  in  these  papers  that 
molecular  volume  appears  to  be  one  of  the  factors  which  de- 
termine the  behavior  of  various  molecular  species  in  homo- 
geneous liquid  systems.  This  determinative  r61e  of  molecular 
volume  is  independent  of  the  chemical  nature  of  the  molecular 
species  involved  and  constitutes  new  evidence  of  a  most  con- 
clusive kind  in  regard  to  the  shapes  of  molecules.  We  may 
summarize  this  evidence  as  follows:  substances  in  the  homo- 
geneous liquid  phase  behave   toward  their  environment  as 
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though  every  molecule  homogeneously  filled  a  space  which 
is  symmetrical  in  three  dimensions.^ 

An  assumption  somewhat  of  this  nature  has  been  made 
from  time  to  time  by  mathematicians  when  considering  the 
attraction  of  one  molecule  for  another,  but  the  chemist,  in 
the  absence  of  direct  evidence  to  the  contrary,  has  persistently 
clung  to  notions  of  chemical  configuration  and  spatial  re- 
lationships.^ The  mathematician  speaks  of  point-to-point 
action,  and  avoids  the  diflBculties  arising  from  chemical  con- 
siderations by  arguing  that  this  alleged  point-to-point  action 
is  only  a  statistical  result.  As  to  how  far  this  is  so,  it  is  hard 
to  say  because  of  course  we  cannot  avoid  statistical  observa- 
tion and  we  do  not  know  the  exact  extent  to  which  the  real 
molecular  domain  is  increased  by  the  translational  motion 
of  heat.  But  the  specific  natiu-e  of  the  optical  properties, 
the  compressibilities  and  more  especially  the  radiation  of 
heat  from  liquids  and  solids  indicate  that  only  a  small  fraction 
of  the  apparent  molecular  domain  is  to  be  attributed  to  trans- 
lational motion.  It  seems  instead  that  when  there  is  an  ex- 
pansion of  the  molecular  domain  on  the  absorption  of  energy, 
it  is  to  be  attributed  to  an  actual  expansion  of  the  size  of  the 
molecule.^ 

But  even  if  we  agree  to  subtract  a  certain  amount  from 
the  observed  molecular  volume  to  allow  for  space  taken  up 
by  translational  motion,  we  must  still  apply  the  principle  of 
homogeneity  and  three-dimensional  symmetry  to  the  remain- 
ing real  volume,  for  otherwise    molecular    volume  could  not 

^  Attention  is  called  to  the  phrase  '"in  the  homogeneous  liquid  phase."  The 
work  of  Langmuir  (Jour.  Am.  Chem.  Soc,  39,  1848  (1917jj  and  Harkins  and 
his  collaborators  (Ibid.,  39,  541  (1917))  shows  that  molecules  at  the  surface*;  of 
liquids  are  oriented  and  possess  more  or  less  definite  shapes,  but  neither  Lang- 
muir's  nor  Harkins'  work  applies  to  molecules  situated  within  a  homogeneous 
liquid  where  the  surrounding  field  of  force  is  symmetrical. 

2  Among  others  who  have  argued  from  this  premise  are  S.  C.  Bradford: 
Phil.  Mag.,  38,  696  (1919);  J.  J.  Thomson:  27,  7o7  (1914):  W.  C.  McC.  Lewis: 
28,  104  (1914):  W.  D.  Harkins  and  H.  H.  King:  Jour.  Am.  Chem.  Soc.  41, 
970   (1919). 

'  See  Gervaise  LeBas:  "The  Molecular  Volumes  of  Liquid  Chemical  Com- 
pounds," p.  254  (1915). 
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function  as  a  determinative  factor  in  solubility  in  the  precise 
manner  in  which  it  does.  So  taking  into  account  the  additive 
nature  of  molecular  volume  and  the  r61e  of  molecular  volume 
in  homogeneous  liquid  solutions,  we  must  look  upon  this 
homogeneity  and  three-dimensional  symmetry  of  liquid  molec- 
ular domains  as  an  actual  fact  and  not  an  apparent  one.  We 
must  picture  the  electrons  of  the  atoms  and  molecules  which 
make  up  a  mass  of  liquid  as  filling,  by  their  electrodynamic 
activity,  the  entire  liquid  domain,  being  at  equilibrium  at 
all  points,  and  leaving  no  crevices  or  dead-spaces  wherein 
other  electrons  or  atoms  or  molecules  can  be  inserted  without 
disturbing  this  equilibrium. 

8.    The  Nature  of  the  Intermolecular  Forces 

Besides  the  size  of  the  molecule,  there  is  yet  another 
factor  which  influences  its  physical  relations  with  other  mole- 
cules ;  this  is  the  intensity  factor  in  the  intermolecular  forces. 
It  has  already  been  pointed  out  that  slight  variations  in  the 
arrangement  of  atoms  result  in  the  most  profound  variations 
in  molecular  behavior  as  regards  nearly  all  physical  properties 
and  we  see  this  fact  illustrated  especially  well  in  relative 
solubility.  The  striking  thing  about  these  variations  in  this 
case  is  that  they  consist  of  abrupt  or  stepwise  variations  from 
one  condition  to  another — ^the  various  conditions  being  re- 
lated to  each  other  by  simple  proportion. 

As  the  evidence  from  partition  coefficients  now  stands 
it  is  apparent  we  are  dealing  not  only  with  the  properties  of 
undissociated  molecules,  but  with  associated  complexes  and 
ions  and  hence  with  the  chemical  forces  underlying  association 
and  dissociation,  as  well.  But  despite  the  fact  that  this  com- 
plication precludes  more  direct  physical-chemical  consideration, 
it  gives  the  results  greater  physical  significance  because  it 
brings  all  these  phenomena  under  one  category  without  in 
any  way  invalidating  the  physical  interpretations  based  upon 
the  results. 

This  simple  stepwise  variation  in  behavior  mentioned 
above  is  shown  by  a  large  variety  of  substances:  compounds 
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containiiig   carbon,    hydrogen,    oxygen,    nitrogen, 
bromine,  iodine  and  sulpliur  in  a  variety  of  chemical 
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tions.  Hence  this  phenomenon,  cannot  be  attributed  to  pe- 
culiarities in  nudecidar  or  atomic  structure  because  it  afqpears 
to  be  wfaoUy  independent  of  the  kind  of  atoms  or  mdbcuks 
involved.  It  must  instead  be  attributed  to  something  oomnxm 
to  an  atomic  species  and  inherent  in  atomic  structure  itsdt 
Undoubtedly  it  is  to  be  associated  with  the  now  general^ 
accepted  idea  that  atoms  absorb  and  emit  energy  discontinti- 
ously,  in  whole  multiples  of  a  unit  of  energy  ko,  m  Plandc's 
quantum .  This  unit  has  a  different  vahie  for  every  frequency 
erf  radiation,  v,  but  it  involves  a  universal  constant,  h.  It 
is  to  be  noted  that  this  quantum  is  a  unit  of  action,  since  it 
has  the  dimensions  of  eneigy  multiplied  by  tiine,  idieieas 
the  element  of  thne  does  not  enter  into  our  ]Miesent  considefa- 
tion.  We  are  comparing  various  ph3rsical  systems  in  tbm 
characteristic  and  essentially  fixed  equilibrium  states. 

Bohr  has  assumed  that  the  electron  in  a  hydrogen  atooi 
could  revolve  about  the  nudeus  only  in  certain  orbits  whidi 
represent  conditions  of  stable  equilibriiun.  On  the  absOTptioa 
or  emission  of  a  quantum  of  energy  the  electron  would  jump 
from  one  orbit  to  another  and  thus  enter  another  stable  state.  ^ 

No  one  has,  as  yet,  satisfactorily  explained  the  existence 
of  stable  states,  though  this  conception  tmderlies  Bohr*s 
explanation  of  the  quantum  and  the  theories  of  atomic  struc- 
ture as  well.  Thus  Langmuir^  has  suggested  that  each  elec- 
tron occupied  a  more  or  less  permanent  position  in  the  atom 
which  he  called  a  cell,  the  various  cells  being  arranged  in  sym- 
metrical positions  around  the  nucleus  of  the  atom.  In  dis- 
cussing the  properties  of  the  electron  he  has  said,  **It  seems 
that  the  electron  must  be  regarded  as  a  complex  structure 

*  For  a  general  discussion  of  the  quantum  theory  see  "The  Quantum 
Theory/'  Edwin  Plimpton  Adams:  Bull,  of  the  National  Research  Council,  Vol. 
I,  Part  6,  No.  6;  Wm.  C.  McC.  Lewis:  "A  System  of  Physical  Chemistry,"  Vol. 
Ill,  "Quantum  Theory"  (1919).  Also  Max  Planck:  Phil.  Mag.,  28,  60  (1914). 
On  the  application  of  the  quantum  theory  to  radiation  from  liquids  and  solids 
see  H.  Stanley  AUen:  Ibid.,  35,  338,  404,  445  (1918). 

*  Jour.  Am.  Chem.  Soc.,  41,  868  (1919). 
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which  undergoes  a  series  of  discontinuous  changes  while  it 
is  being  bound  by  the  nucleus  or  kernel  of  the  atom."^ 

Thomson^  has  considered  the  behavior  of  the  electron 
on  the  hypothesis  that  the  field  of  force  in  the  immediate 
vicinity  of  the  positive  charge  changes  alternately  from  attrac- 
tion to  repulsion.  At  great  distances  these  forces  would  re- 
duce to  the  inverse  square  law  but  for  atomic  distances  the 
change  in  sign  would  result  in  a  series  of  positions  of  zero  force 
which  would  be  positions  of  stable  equilibrium.  Other  as- 
simiptions  of  a  more  or  less  arbitrary  nature  have  been  made 
by  Nicolson,^  Brillouin/  Allen, ^  Lamar®  and  others  to  account 
for  the  discontinuous  absorption  and  emission  of  energy  as 
postulated  under  the  quantum  theory. 

4.    The  Conservation  of  Energy  and  Inter-electronic 

Equilibration 

The  intermolecular  forces  are  commonly  supposed  to 
have  their  origin  in  the  so-called  "chemical"  or  valence  elec- 
trons. No  one  has  advanced  any  very  definite  suggestion 
as  to  how  these  electrons  function  while  holding  molecules 
together  in  the  liquid  state.  It  is  usually  assumed  that  the 
cohesional  forces  are  due  to  stray  fields  of  force,  residual 
affinity,  etc.^ 

It  does  not  seem  possible  that  an  electron  may  be  so 
situated  that  its  electrostatic  or  electro-magnetic  affinities 
are  satisfied,  and  that  it  may  still  be  able  to  permanently  in- 
fluence, without  dynamic  expense,  other  electrons  by  virtue 
of  * 'stray  fields  of  force."     It  seems  much  more  consistent 

»  Phys.  Rev..  8,  300  (1919). 

» J.  J.  Thomson:  Phil.  Mag.,  37,  419  (1919). 

«  J.  W.  Nicolson:   Ibid..  28,  90  (1914). 

*Marce  Brillouin:  Comptes  rendus,  168,  1318  (1920). 

*H.  Stanley  Allen:  Phil.  Mag..  41,  113  (1921). 

•  Joseph  Lamar.,  Ibid..  42,  592  (1921). 

^  Albert  P.  Mathews:  Jour.  Phys.  Chem..  20,  554  (1916) ;  Herbert  Chatley : 
Proc.  London  Phys.  Soc..  29,  206  (1916);  Irving  Langmuir:  Jour.  Am.  Chem. 
Soc..  39,  1848  (1917);  S.  C.  Bradford:  Phil.  Mag..  38,  696  (1919);  W.  C.  McC. 
Lewis:  28,  104  (1914);  Wm.  D.  Harkins  and  H.  H.  King:  Jour.  Am.  Chem. 
Soc..  41,  970  (1919). 


356  Homer  W.  Smith 

to  believe  that  a  principle  of  conservation  applies  to  all  inter- 
electronic  relations,  including  the  intermolecular  forces;  that 
the  intermolecular  forces  are  expendable  by  the  molecule  to 
a  definite  and  limited  extent  dependent  on  the  electronic 
fabrication  of  the  molecule,  just  as  it  has  always  been  assumed 
in  the  case  of  the  interatomic  forces.  Since  the  intermolecular 
forces  have  their  genesis  in  the  electrons  of  the  constituent 
atoms,  we  can  arrive  at  such  a  position  simply  by  assuming 
that  a  state  of  conservative  equilibration  exists  between  all 
the  electrons  which  are  involved  in  the  interatomic  and  inter- 
molecular forces.  That  is,  in  the  atom  or  molecule,  or  in 
any  homogeneous  system  of  atoms  or  molecules,  all  the  elec- 
trons exert  forces  on  all  the  other  electrons,  holding  each  other 
in  certain  positions  of  stable  equilibrium.  If  any  of  the 
physical  conditions  of  the  system  are  altered  by  the  absorp- 
tion or  emission  of  energy,  or  by  admixture  with  another  sys- 
tem, certain  electrons  are  displaced  and  take  up  new  positions 
of  equilibrium.  On  the  assimiption  that  energy  is  added  to 
or  taken  from  a  system  only  by  a  discontinuous  process,  it 
would  necessarily  follow  that  the  alteration  of  any  system 
from  one  physical  state  to  another  would  likewise  be  dis- 
continuous. Various  systems  (or  various  molecular  species) 
could  be  treated  as  a  single  system  in  various  equilibrium 
states,  and  the  various  systems  would  bear  definite  relations 
to  each  other  which  would  result  in  simple  mathematical 
relationships  between  the  partition  coefficients,  the  frequencies 
of  spectral  lines  and  all  other  physical  properties. 

It  should  be  reiterated  that  the  experimental  data  from 
partition  coefficients  deal  with  various  systems  in  their  charac- 
teristic equilibrium  states,  and  that  the  element  of  time,  a 
necessary  consideration  in  the  process  of  change  from  one 
equilibrium  state  to  another,  is  not  involved.  In  this  respect, 
these  data  are  unique,  for  they  demonstrate  that  the  existence 
of  these  discrete  difTerences  in  the  equilibrium  states  of  a  given 
system,  or  of  various  systems,  is  independent  of  the  time  ele- 
ment. The  evidence  warrants  the  assumption  that  these 
discrete   difTerences   are   attributable   to   some   property    in- 
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herent  in  the  fundamental  charges  themselves.  Some  such 
assumption  as  that  made  by  Thomson,  namely  that  the  field 
of  force  around  the  fundamental  charges  changes  alternately 
from  attraction  to  repulsion,  appears  to  offer  the  only  explana- 
tion of  the  facts. 
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